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Absolute Measurement of Signal 


Strength on Magnetic Recordings 


‘ 


The Material Laboratory is in the process of developing a method for measuring 
the magnetic strength existing on 16mm magnetic soundtrack by using a non- 
magnetic loop for the determination of the absolute surface induction at 400 
cycles /sec for ‘‘pegging”’ the relative surface induction vs. frequency characteristic 
obtained by the ‘‘short gap”’ or other approved method. This paper shows that 
this method was found to be practical for determining the surface induction re- 
corded on presently available commercial }-in. magnetic tapes, independent of the 
tape characteristics and the depth of penetration of the recorded signal. 


I, THE PAST FEW YEARS, magnetic re- 
cording on motion-picture film has come 
into greater and greater prominence in 
the motion-picture industry and in U.S. 
applications. The need, 
therefore, arose of agreeing on standards 
for the signal level existing on such 
tracks, comparable to the present 
SMPTE standard of using a 400-cycles 
sec level test film for photographic re- 
cording on film. 


Government 


It was noted in communicaticn 
between the SMPTE and the Bureau of 
Ships, that a project to develop a method 
for measuring the magnetic strength ex- 
isting on 16mm magnetic soundtrack 
as a first step in standardization would 
be beneficial to both agencies. As a result 
the project was assigned to the Material 
Laboratory. 


Background 


A conference was held on Mar. 8, 
1954, at the New York offices of the 
SMPTE to coordinate the efforts of the 
agencies concerned, Representatives of 
the SMPTE, Bureau of Ships and the 
Material Laboratory were present. At 
that time, the Laboratory presented its 
general plan of attack to the problem, in 
which both the SMPTE and Bureau of 
Ships representatives concurred, 


The basis for the program was that a 
method of measuring relative surface 
induction over the frequency range by 
means of the “short gap method’’* or 
any other approved method would be 
satisfactory as the first stepping stone. 
To obtain the “absolute” measurement 


Presented on October 20, 1954, at the Society's 
Convention at Los Angeles by Robert Schwartz, 
Sheldon I. Wilpon and Frank A. Comerci (who 
read the paper), Material Laboratory of the 
Navy Dept. (Code 931), Bureau of Ships, 
New York Naval Shipyard, Brooklyn 1, N.Y. 

(This paper was received on October 27, 1954.) 


of magnetic strength on film, it would 
then be necessary to obtain only one 
“absolute” measurement at any one dis- 
crete frequency and relate it to the rela- 
tive surface-induction measurement. To 
perform this one “‘absolute’’ measure- 
ment, the Laboratory had considered 
the use of a number of magnetic phe- 
nomena, namely, magnetoelectro effects, 
magnetomechanical effects, magneto- 
thermal effects and magnetooptic effects. 
However, the magnetic fields required to 
produce many of these effects appeared 
to be much greater than the magnetic 
fields obtainable from magnetic tape or 
film. The magnetoelectro effect, how- 
ever, appeared to have possibilities. 
Therefore, the Laboratory decided that 
for the present it would restrict the in- 
vestigation to the use of the magneto- 
electro effects to perform the desired 
measurements, 

Two methods were presented by the 
Material Laboratory. The first method 
proposed was that the measurement 
might be obtained in terms of surface 
induction or voltage output from a spe- 
cially designed pickup coil or head, The 
measurement would be made at some 
frequency in the mid-frequency range, 
somewhere between 400 and 1000 cycles/ 
sec, as the short-wavelength losses which 
are the predominant losses in the field 
of magnetic reeording would be mini- 
mized. One such type of pickup proposed 
was a nonmagnetic single turn loop.** 
Another type of pickup proposed was a 
variation of the ring-type reproducing 
head. For either device, construction of 
the pickup would have to be simple 
enough to be made in a machine shop at 
moderate cost. The effects of physical 
dimensions, manufacturing tolerances, 
variations in material composition and 
wear of the device in use on measure- 
ments would have to be determined, 
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using several types of magnetic tapes and 
films presently manufactured. 

A second approach to the problem 
would involve the deflection of an elec- 
tron beam of a cathode-ray tube by the 
relatively weak field of a piece of mag- 
netic-soundtrack film, wherein special 
construction of a cathode-ray tube would 
be required to place the film in the elec- 
tron path of the tube, However, this type 
of device and other similar proposals 
would require highly specialized and 
costly facilities obtainable only at the 
Material Laboratory or similar establish- 
ments, The adoption of such a proposed 
method of measurement would require 
that the Laboratory or similar establish- 
ment be custodian of a primary standard 
magnetic-soundtrack film. The secondary 
standards used by the SMPTE to produce 
their test films would have to be periodi- 
cally checked by the Laboratory or a 
similar establishment. It was concluded 
at the conference that the obvious ad- 
vantages of the former method, using a 
specially designed pickup coil or head, 
over the latter method seemed sufficient 
to dictate investigation along these lines 
prior to the use of any other method, 

The Material Laboratory then pro- 
ceeded with the investigation along the 
lines of using a nonmagnetic loop as a 
pickup coil for determining the absolute 
surface induction at a mid-frequency. 
This value would then be used to “peg”’ 
the relative surface induction vs, fre- 
quency characteristic obtained by the 
“short gap” or other approved method, 
thus making it possible to obtain the ab- 
solute value of surface induction at any 
point in the frequency range. As the 
Laboratory, at this time, did not have 
available a high-quality film-transport 
mechanism, associated record and repro- 
duce heads and various types of mag- 
netic-coated film, the investigation began 
using }-in. magnetic-recording tape and 
a professional tape recorder, 


Theoretical Considerations 


For a practical single-turn nonmag- 
netic loop, as shown in Fig. 1, where the 
principal element, the element in con- 
tact with the tape, is of a rectangular 
cross section, the output of the non- 
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magnetic loop as determined by Daniel 
and Axon‘ is given by 


2ed rb 
sin 
vwB, (1) 
2nd rb 
» 
where 


voltage output from the 


oop (peak volts); 


v= tape speed (ips); 

w - active tape width (in.); 

h, = peak surface induction normal to 
and at the surface of the tape 
(v-sec/sq. in. For By, in gausses, 
multiply by 1.55 107.) 

d= depth of the principal element of 
the nonmagnetic loop (in.); 

b = width of the principal element of 
the nonmagnetic loop (in.); 

A} recorded wavelength (in. ) 


(In the above equation, it is assumed 
that there is perfect contact between tape 
and therefore 
loss.”’ It is also assumed that there is a 
uniform magnetic field across the width 
of the tape.) It is noted that in the mid- 
frequency range where b<< A << d 
Eq. (1) can be reduced to: 


loop and no “spacing 


A 
(2) 
In this range, the loop response (the out- 
put voltage as a function of d for a con- 
stant By) would therefore have a char- 
acteristic which is falling at the rate of 
6 db/octave. However, at the low fre- 
quencies, when the wavelength is in- 
creased and approaches the depth of the 
principal element (the “d"’ dimension), 
the rate of fall of the loop response de- 
creases from the 6 db/octave mid-fre- 
quency slope. In addition, at the high 
frequencies, when the wavelength is de- 
creased and approaches the width of the 
principal element (the “b’’ dimension), 
the rate of fall of the loop response in- 
creases from the 6 db/octave mid-fre- 
quency slope. 

A magnetic tape recorded at a con- 
stant current with increasing frequency 
would have a relative surface induction 
vs. frequency characteristic, rising at 6 
db/octave up to the frequency at which 
"recording losses’’ become effective. At 
this point, the relative surface-induction 


2 . January 1955 Journal of the SMPTE 


Fig. 1. Sketch of aluminum plated loop. 
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Fig. 2. General overall loop output from recorded tape with “‘B,"’ of. 


characteristic would fall off from the 6 
db/octave rising characteristic. 

From the above considerations, when 
a tape having a surface-induction char- 
acteristic rising at 6 db/octave is repro- 
duced with a nonmagnetic loop, the loop 
the fre- 


quency-response characteristic shown in 


output would have general 
Fig. 2. In the mid-frequency range, the 
output would be flat since the B, is rising 
at 6 db/octave and the loop response is 
falling at 6 db/octave. At the low-fre- 
quency and high-frequency ends, a fall 
off in loop output would occur as a result 
of the loop response in these regions. The 
amount of fall off would be a function of 
and b/d, respectively. 

By measuring the loop output voltage, 
E, the speed of the tape, v, the width of 
the tape contributing to the flux in the 
head, w, and the dimensions of the loop 
“b” and “d’’; the peak absolute surface 
induction normal to the tape, B,, can be 
caleulated from the following form of 


Eq. (1): 


“ 
B, 
Qed 
sin 
1 c (3) 
vw 
2rd rh 
A 
Procedure 
The measurements reported herein 


were made using an Ampex Model 301 
tape recorder operating at a tape speed of 
30 ips (inches per second). The 30-ips 
tape speed rather than 7.2-ips tape speed 
(the speed of 16mm sound motion-picture 
equipment) was used for the initia] meas- 
urements in order to obtain a higher sig- 
nal voltage from the loop. As the noise 
output from the loop was essentially hum 
pickup which did not vary with tape 
speed, a higher signal-to-noise ratio was 
obtained. However, the fact that the sig- 
nal output would be approximately 12 
db less at the lower tape speed was con- 
sidered in determining the feasibility of 
this method of measurement. 

To determine the feasibility of the loop 
method of measurement, the following 
points had to be investigated: 


A. Method for constructing a practical 
loop. 

(1) Determination 

dimensions of loop to yield maxi- 


of approximate 


mum signal-to-noise ratio. 
(2) Mounting of loop to result in 
sufficient sturdiness to 
variations during measurements. 
B. The determination and the measure- 
ment of the effective parameters for 
the calculation of By. 
(1) To determine whether the pa- 
rameters of the equation shown 


prevent 


previously are necessary and 
sufficient for the calculation of 
B, under the conditions con- 


sidered. 

(2) To measure the effective values 
of the parameters to be used in 
the calculation of By. 

C. To determine the suitability of the 
loop method for obtaining B, under 
practical operating conditions. 

(1) Using several loops to determine 
the the 
measured By, among loops 

(2) Using various tapes with differ- 
ent oxide orientations, oxide 
coating thickness and oxide sur- 
face finishing characteristics to 
determine whether the effect on 
the output of the loop is the same 
as the effect on the output of a 


extent of variation of 


playback head. 
Using a tape with signals re- 
corded at various depths of pene- 


(3 


tration to determine whether the 
effect on the loop output is the 
same as the effect on the output 
of a playback head, (The latter 
two parts of the investigation 
were performed in order to deter- 
mine whether the assumptions 
under which the equation for 
loop output was determined are 
valid under practical operating 
conditions. ) 


Results 


It was decided to use 400 cycles/sec as 
the reference frequency at which to deter- 
mine the absolute surface induction when 
operating at 7.2 ips. This value would 
then be used for “pegging” the relative 
surface-induction characteristic. The 
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Fig. 3. Effect of ‘‘d’’ dimension on loop output. Fig. 4. Effect of ‘*b’’ dimension on loop output. 
400 cycles/sec was selected because it is on a pre-recorded tape by using Eq. (3). shown in Pig. 4 (high-frequency loss in 
in the mid-frequency range, and there- (The tape was recorded to have a rela- db as a function of b/A), the effective 
fore, the wavelength losses for this fre- tive surface-induction characteristic ris- “d” and “b” were determined, This 
quency, at the speeds to be used, are ing at 6 db/octave.) This measurement method rather than a direct method 
minimized, and also, because most of the was made to determine whether the re- (such as a microscope) was used in order 
16mm motion-picture sound standards sults could be duplicated with different to account for any irregularities in the 
are based on this frequency. However, loops. It was accomplished by determin- plating. The “d” values obtained were 
since 30 ips was used as the tape speed ing the dimensions of the principal ele- of the order of magnitude measured with 
for most measurements, 1600 cycles/sec ment of each loop, measuring the loop a microscope, but the “b” values calcu- 
was used; as its recorded wavelength output from the 1600-cycles/sec signal lated were of much larger magnitudes 
would be approximately equal to the on the pre-recorded tape with each loop, than the 0.5 mil approximated with a 
recorded wavelength of 400 cycles/sec and assuming the speed, effective tape microscope, A “‘b” value of 0.5 mil would 
at the 7.2-ips tape speed, width, amplifier gain and dimensional result in 3-db drop-off at the high-fre- 
One of the first problems encountered constants to be lumped as a single con- quency end at approximately 27,000 
was in making the loops. It was found stant, K (to be investigated later—an cycles/sec, using a 30-ips tape speed 
that to minimize the loop losses to obtain approximate value for K is 146, for This would make the losses due to the 
maximum loop output for an approxi- Byirms) in gauss). The dimensions were “b” dimension negligible at the wave- 
mately 18-mil wavelength (400 cycles/se« determined by finding the 3-db point at lengths considered. However, in making 
at 7.2 ips), the dimensions of the principal the low end and high end of the loop re- the measurements, the 3-db drop-off at 
clement of the loop would have to be sponse with the pre-recorded tape. Re- the high-frequency end was found to 
approximately yy in. in depth (‘d” di- lating this data to a plot of occur at a much lower value, It therefore 
mension) and a maximum of approxi- Qed appeared that an additional loss besides 
mately 1 mil in width (“‘b’” dimension). 1—e A d those due to the “b” and “d” dimensions 
20 low io vs the | ould } “d 
It was difficult to mount a nonmagnetic 2rd d of the loop would have to be accountec 
foil or wire of these dimensions in a usable » for, Upon close examination of the plat- 
mount as had been done by Daniel and j Fie. 3 (low-f | , ing of the loops, it was found that the 
Axon.’ Instead of using a nonmagnetic plating did not extend to the very edge of 
foil for this element, it was decided to » as a Function of d/) and » plot of the glass due to the edge of glass not being 
plate the edge of a sheet of glass with a ls xb sufficiently polished prior to plating, It 
nonmagnetic conducting material. Alu- 0 | oo was expected that a “spacing loss’’ ex- 
minum was selected as the plating ma- Sb rN isted which overshadowed the losses due 
terial to be used. The sheet of glass was A to the “b” dimension, 
masked to give the “d” dimension of —— 
in. The plating thickness controlled the 
“b” dimension. The glass was plated 
using the “Vacuum Evaporation Proc- 
ess.” Low resistance contacts were 
painted on the glass with silver conduct- 
ing paint which connected to the princi- ~ 
pal element as shown in Fig. 1. A mount 3s. one 
was designed and built to hold the glass ‘| ves 
slide and to permit proper alignment of 
the loop with the signal on the tape 
As the output of the loop was very low - 
(in the order of a few microvolts), ampli- 
fiers and filters were employed to obtain 
a usable signal-to-noise ratio, i 7 
The initial approach, using the loop + 
method, was to determine, with different 2a 
loops, the B, of a 1600-cycles/sec signal Fig. 5. Spacing loss vs. 5/\ (spacing loss in db = 20 logywe * 
Schwartz, Wilpon and Comerci; Absolute Measurement on Magnetic Recordings 4 
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Table L. Tabulation of “B,’’ for a Pre-Recorded Tape Determined With Several As the depth of penetration may allect 


Aluminum Plated Loops. (Tape Speed 30 ips). the loop output under practical con- 


=== ditions (i.e. if the assumptions made in 


mn 2 the derivation of the equation for deter- 

output 
st 1600 mining B, are not valid under practical 
Lowend Highend Effective Spacing _—cycles/sex operating conditions), a test was per- 
Loop j-db point, 3-db point, “d” value, value, db ref 0.001, B, Relative formed wherein the B, was determined 
no cycles/sec cycles /sec mils mils volt (rms) t(rms) B,, db by the loop method for signals recorded 
13A 370 2000 15.4 0.825 26.3 0. 140K 2.9 on a tape with varying depths of penc- 
14A 345 1600 16.5 1.03 24.0 0.128K 2.2 tration. The depth of penetration was 
17A 350 2500 16.3 0 660 %.3 0. 140K 29 a relative value of 110 ma to 300 ma, 
1BA 65 2350 15.6 0.705 24.9 0.120K 1.6 where the range of bias current extended 
21A 350 1780 16.3 0.929 15.7 0.145K 3.2 in both directions beyond the current 
4.5 0.130% 2.3 necessary for peak output from the tape 


* Includes overall system amplification 


+ K is a function of the width of the recorded tape comparative to the length of the loop, recorder speed, 


gain of amplifiers and dimensional constants 


Daniel and Axon‘ derived the equation 
for the output of the nonmagnetic loop 
assuming no “spacing loss.’’ However, 
when a spacing “S” is assumed, Eq. (1) 
would be modified as follows: 


205 sin 
2nd rb 
A 


This equation is obtained by changing 
the limits of the second integral of the 
equation on p. 166 of the paper by Danicl 
and Axon.‘ 


bad 
bd w OJ*« 
cos x‘ dy’ dz’ (5) 
from 0, d to S +d respectively, thus 
accounting for any spacing between the 


tape and the loop. Incidently, the factor 
248 


which accounts for the “spac- 
ing loss’’ in this equation is the same fac- 
tor determined by Wallace® for a repro- 
ducing head, The spacing “S”’ was deter- 
mined from the frequency at which the 
loop response from the pre-recorded tape 
was down 3 db on the high-frequency end 
and the equation: 


2us 


Spacing loss in db = 20 logyge > (6) 


This “spacing loss” characteristic is 
plotted in Fig. 5. To calculate B, the fol- 
lowing equation was used: 


By 


(rma) 


2rd rb 
A A 


(7) 


where, in this case, the loss factor due to 
the “b’’ dimension, the quantity in the 
third bracket in the denominator, is equal 
to 1. 

The data and the resulting B, (for the 
1600-cycles/sec signal on the pre- 
recorded tape) determined with eight 
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For By come) in gauss, K 146. 


different loops are tabulated in Table I. 
The variation from the largest to the 
smallest value of the B, obtained was 
only 1.6 db, 


As the loop output voltage may pos- 
sibly be affected by the oxide orientation 
of the tape or film, a test was performed 
in which the B, was determined by the 
loop method for tapes of various oxide 
signal was re- 
corded on each type of tape to give the 
same output from a reproduce head. 
Five different commercially available 
tapes known to have different oxide 
orientation, oxide thickness and oxide 
surface finishing characteristics were re- 
corded with a fixed-bias current, and the 
loop output was measured. As shown in 
Table IL, cevordings on various tapes 
which, produced constant outputs from a 
magnetic playback head, resulted in only 
minor variations in B, as determined 
with each of three loops. This indicated 
that the B, as measured with the loop is 
substantially indicative of the playback- 
head output, or the voltage-inducing flux 
in the playback-head core, in spite of 
differences in oxide orientation and other 
tape characteristics exemplified by pres- 
ently available tapes. 


orientations where the 


Table Ul. Comparison Between Loop 
Output and Playback-Head Output With 
Tapes of Different Oxide Orientation. 
(Recording Prepared for Constant Out- 
put from Playback Head). 


Loop Type of Relative 
no. tape Bytrms) B,, db 
SIA Oriented I 0.143K 3.1 

Oriented I 0.138K 2.8 
Oriented Ul 0.143K 3.1 
Oriented IV 0.143K 3.1 
Oriented V 0.136K 2.7 
33A Oriented I 0.129K 
Oriented I 0.129K 2.2 
Oriented UI 0.144K 2.5 
Oriented IV 0.136K 
Oriented V 2.5 
35A Oriented I 0.136K 2.7 
Oriented Il 0.1344K 2.5 
Oriented III 0.136K 2.7 
Oriented [V 0.138K 2.8 
Oriented V 2.3 


130K 


considered, The input of the recorder was 
adjusted to give constant output from 
the playback head. The output of each of 
three loops was measured for each of the 
bias-current settings. As shown in Table 
III, for various depth recordings which 
produced constant output from the play- 
back head, the variations in loop output 
for each of the three loops used were 
very small. This impiies that the By, as 
measured with the loop is substantially 
indicative of the playback-head output 
in spite of variations in depth of penc- 
tration. 


Table Ill. Comparison Between Loop 
Output and Playback-Head Output 
With Variations of Depth of Penetration 
of Recorded Signals. (Recording Pre- 
pared for Constant Output From Play- 
back Head} 


Relative bias 


Looy Relative 
no. current, ma By(rms) By, db 
SIA 110 0.148K 44 
120 0. 148K 
130 0.149K 4.5 
140 0. 148K 44 
200 0.146K 4.3 
300 0.148K 44 
110 0.129K 
120 0.128K 2.1 
130 0.129K 2.2 
140 0.129K 2.2 
200 0.129K 2.2 
300 0.129K 2.2 
35A 110 0 136K 6 
120 0. 138K 
130 0 136K 26 
140 136K 2» 6 
200 0.136K 2.6 
2.6 


300 0.136K 


To check the repeatability of the meas- 
urements with the same loop, a 1600- 
cycles/sec signal was recorded on a tape 
(tape speed 30 ips). A loop was placed in 
the mount, aligned, and the output of 
the loop was noted when the pre- 
recorded tape was reproduced, The Bb, 
was then calculated. The above oper- 
ations were repeated four times using the 
same recording. From the results tabu- 
lated in Table IV, it can be seen that the 
values obtained for B, by the loop method 
are adequately repeatable, as the maxi- 
mum variation for the five measurements 
was only 0.6 db. 
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Schwartz, Wilpon and Comerci: 


Table IV. Measurement of ‘‘B,’’ With 


the Same Loop for Indication of Re- 


peatability of Measurement. 


Relative By, 


Run no db 
1 0. 105K 04 
0. 108K 06 
} 0 100K 0 
4 0.101K 01 
0. 102K 0.1 
Conclusions 


The results of this phase of the investi- 
gation, using }-in. magnetic tape, indi- 
cated the feasibility of this method for 
measuring the “absolute” magnetic 
strength of a recorded tape. From the 
data obtained, it can be seen that meas- 
urement of B, for a given signal with 
different loops showed variations of only 
approximately 1.6 db. With a single loop 
the measurement of By repeated within 
0.6 db. It was also found that the B, as 
determined with the loop corresponded 
to the output from a magnetic head in 
spite of presently existing variations in 
the tape oxide orientation, depth of pene- 
tration of the recorded signals and other 
tape characteristics. 
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Discussion 


Malcolm G. Townsley (Bdi 2 Howell Co.) 
With the output voltages of the loop as low as 
how good a 
signal-to-noise ratio were you able to get in your 
measurements’ 

Mr. Comera: We were able to get about 15-db 


they were—-a few microvolts 


A Method for Splicing 
Motion-Picture Film 


The splicing of motion-picture film with pressure sensitive tape is described. A tape 
made from thin ‘‘Mylar’’ polyester film has been found to yield strong, durable 
splices without the need of scraping or cementing. This method is applicable to all 
types of film base, and may have utility in theaters or as a replacement for clip, 


staple or stitch splices in laboratories. 


ta Photo Products Department of 
E. 1. du Pont de Nemours & Company 
has developed and is preparing to intro- 
duce commercially a new, synthetic 
safety film support known as “‘Cronar” 
polyester photographic film base. This 
new film base cannot be spliced with 
the film cements conventionally used to 


Presented on October 21, 1954, at the Society’s 
Convention at Los Angeles, by V. C. Chambers 
and W. R. Holm (who read the paper), Photo 
Products Dept., BE. I. du Pont de Nemours & 
Co., Parlin, N.J 

(This paper was received on November 22, 1954.) 


splice existing motion-picture films, Ac 
cordingly we have done considerable re- 
search to develop satisfactory methods 
for splicing motion-picture film made on 
Cronar base to itself and to existing 
motion-picture film bases. Techniques 
for accomplishing this are in final stages 
of development and include methods that 
are patterned after existing splicing oper- 
ations. However, one technique that 
we have investigated is quite different 
from those used extensively today and 
because it appears to have advantages 
over existing methods for several motion- 


Absolute Measurement on Magnetic Recordings 


signal-to-noise ratio operating at 30 ips that is, 
using bandpass filters. We used half-octave 
filters. With the magnetic striping I think we will 
work with signal-to-noise ratios of 5 to 6 db 
maybe as high as 10 db 

{In the presentation of this paper Mr. Comerci 
spoke of the possibility that although two tapes 
with certain recordings may produce equal out- 
put levels on one reproduce head, they may not 
produce equal output on another reproduce 
head. This does not appear in the published 
paper, | 

Jerome W.. Stafford (M-G-M Sound Dept.): Since 
it’s the normal component of induction that you 
are working with, how much variation do you 
find due to geometry in passing over the head? 
Is there any variation in this respect? 

Mr. Comera: You are talking about the geom- 
etry of a magnetic head? Geometry is usually re 
flected in what we call boundary effects down at 
the very low frequencies. Is this what you mean’ 

Mr. Stafford: 1 was wondering if that could 
possibly be an explanation of the difference in 
sensitivity of the various types of head? 

Mr. Comerai: No, 1 doubt it, and this is the 
reason. In reading through the literature we all 
get the idea, in those frequencies below 1000 
cycles, that the response of any magnetic head 
rises to 6 db/octave. We have used, let us say, a 
high-quality head, and we find it is more of the 
order of 54 db/octave rather than 6 db/octave 
At the time we tried this we thought that it might 
be due to spacing loss. We used a tape that was 
recorded at a constant current and we should 
have expected a 6-db rising characteristic, but 
instead we got 54 db/octave. We had a ma- 
chine which employed a pressure pad against the 
tape, where the spacing loss should have been 
lower, We tried the tape on this machine and 
instead of increasing the 5}-db rise it reduced it 
to 44 db. This could be caused either by the 
half-width wack in the reproduce head or the 
reproduce head or the reluctance of the mag- 
netic path. We have to do more work to find an 
explanation. I don’t think it was what is gener- 
ally called contour effect. Contour effect changes 
with wavelength and within the limits of our 
measurements we found a 54 db/octave rise. It 
was linear, it wasn’t something that was high at 
one frequency and low at another 


By V. C. CHAMBERS 
and W. R. HOLM 


picture applications involving any film 
base, we are presenting the results of the 
study at this time. Briefly, it has been 
found that motion-picture film can be 
very satisfactorily spliced by applying 
with a suitable applicator to both sides of 
the film a thin “Mylar” polyester film 
coated with a transparent adhesive, The 
possibility of using this technique was 
brought to our attention by H. W. 
Moyse. 


Pressure-Sensitive Tape Splices 


The splices are similar to those used 
for splicing magnetic oxide sound record- 
ing film. The perforated tape is made 
from 1-mil thick Mylar polyester film 
coated with a transparent adhesive 
about 0.5 mil thick, making the total tape 
thickness nominally 1.5 mils. Splices are 
made by applying pieces of this tape 
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Fig. 1. Tape splices on 6-mil film: 
(A) butt splice total thickness = 9 mils; 
(B) lap splice total thickness = 15 mils. 


two frames long to both sides of the film, 
as shown schematically in Fig. 1. Figure 
1-A shows a butt splice, the total thick- 
ness of which is 9 mils for a 6-mil film. 
Vigure 1-B shows a lap splice, the total 
thickness of which is 15 mils. This latter 
splice may be made either to full-hole or 
to half-hole dimensions without signifi- 
cantly affecting the strength of the splice. 
Neither the butt nor the lap splice re- 
quires scraping or cementing. 

The Tape Splicer 

When applying the tape to the film, we 
have found that two conditions must 
be met if the splice is not to be ap- 
parent on the screen, First, the edges of 
the tape must be outside the frame; sec- 
ond, the tape must be applied smoothly 
without wrinkles or trapped air bubbles. 
The splicing device shown in Fig. 2 is an 
experimental model that we have devel- 
oped, It meets the requirements reason- 
ably well but undoubtedly better and 
simpler splicers can be made, 

As can be seen from Fig. 3-A, the per- 
forated tape is fed from the supply spool 
onto the sprocket wheel of the tape dis- 
penser, with the nonadhesive side of the 
tape against the sprocket, This wheel is 
slotted in four places around its circum- 
ference so that the knife-blade shown can 
cut a two-frame length of tape to be dis- 


pensed, 

‘To make a splice with this device the 
two lengths of film to be joined are posi- 
tioned onto the registering pins of the 
base unit, shown in Fig, 3-B. Actuating 


Fig. 3. (Above) The dispenser unit with side plate removed, show- 
ing supply spool, sprocket wheel and knife-blade; (below) the base 
unit, showing registering pins and channels to receive dispenser. 


Fig. 2. Photograph of tape splicer (complete unit). 


the plunger at the forward end of the 
dispenser unit causes the knife-blade to 
cut a two-frame length of tape on the 
sprocket wheel, Now the dispenser unit is 
positioned into channels in the base unit 
and moved from right to left. This rolls 
the precut length of tape off the sprocket 
wheel and applies it, in register, to the 
films to be spliced. The film is then turned 
over and the operation repeated to com- 
plete the splice. The dispenser cannot be 
positioned into the channels of the base 
unit unless the knife-blade plunger has 
been actuated to cut off a two-frame 
length of tape. 

Rolling the tape off a sprocket wheel 
is one way to apply it smoothly, in regis- 
ter with the film, and without occluding 
air bubbles. As is well known, there are 
other ways to apply perforated adhesive 
tape to film, some of which may be more 
attractive than the method shown here. 


Laboratory Data 


Mylar film and the adhesive layer are 
essentially transparent and colorless, and 
when applied to both sides of a motion- 
picture film reduce the optical transmis- 
sion of the two frames involved by only 
about 7%, an amount which allows the 
splice to go completely unnoticed on the 
screen. 

Stress-strain curves for butt, and half- 
hole lap splices made with tapes from two 
different sources are shown in Fig. 4, 
together with a curve for unspliced 
cellulose triacetate film, These curves, 
made on an Instron Tensile Tester, show 
that for load values far in excess of those 
which perforations can withstand, the 
elongation of any of the tape splices is 
indistinguishable from that of the un- 
spliced film. At the point where the 
splice curves show departure from the 
curve for the unspliced film, the load 
is more than five times that at which 
the perforations would be torn from the 
film. 

The two tapes shown were obtained 
from two different manufacturers, The 


curves labelled “commercial tape” repre- 
sent a butt and a half-hole lap splice 
made with commercially available tape. 
The curves labelled “experimental! tape” 
represent similar splices made with a tape 
which should soon be commercially avail- 
able. It can be seen that the experimental 
tape splices approach very closely the 
tensile properties of the unspliced base 
This may be important for some uses, 
though far beyond projection require- 
ments, 

In addition to the tensile tests repre- 
sented by Fig. 4, a dynamic stress-strain 
test of both lap and butt tape splices was 
carried out on the Instron machine. In 
this test a 5-lb stress was applied and re- 
lieved 120 times, and a 20-lb stress was 
applied and relieved 40 times, each over 
a 10-min period at room temperature, 
74 F. Yet, as a result of this test, the tape 
splices showed no measurable deviation 
from the behavior of unspliced cellulose 
triacetate film. It is well known that even 
a 5-lb load, applied at these low fre- 
quencies to triacetate film running over 
a sprocket, is more than enough to com- 
pletely strip the perforations. 

Tests of tensile strengths of butt 
splices made at a range of relative humid- 
ities confirm the general impression that 
there should be little change with humid- 
ity. The data obtained at 74 F to 77 PF. 
which are typical of those for other tem- 
peratures are shown in Fig. 5. At high 
humidities, 95% to 100%, there is some 
reduction in ultimate strength though the 
splice showed satisfactory behavior for 
stresses much in excess of the strength of 
perforations as they run on sprockets. Lt 
is interesting to note that all the curves 
presented, including two for unspliced 
film, show the same elastic behavior at 
the low loads to be expected in normal 
film handling, quite independent of 
humidity. 

An effect of temperature on_ splice 
tensile strength was expected and found 
as shown in Fig. 6. No significant differ- 
ence is shown in the stress range of nor- 
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Fig. 4. Stress-strain behavior of ad- 
hesive tape splices and cellulose triace- 
tate film (74 F, RH 50%) 


mal operations. The curves cover the 
temperature range 75 F to 140 F. An 
additional strength test, which could not 
be run on the same equipment, was made 
at —26 F and showed good strength. 

The investigation of high-temperature 
phenomena was extended to cover an 
additional factor, creep of the adhesive 
bond under sustained loading. Even 
casual examination shows that the rate 
and duration of load application affects 
the result. The curves of Fig. 6 were ob- 
tained on the Instron Tester set to strain 
the film at a rate of 0.2 in./min. This is, 
of course, a very low rate in comparison 
with phenomena occurring in motion- 
picture projection. The equipment avail- 
able could be increased in speed by a 
factor of ten, which is still slow in com- 
parison with projector movement. It is 
interesting to note however, that this 
change, shown in Fig. 7, nearly doubled 
the effective strength of the splice at the 
120 F temperature. Under sustained load 
creep did take place. Figure 8 shows the 
rate of creep at various temperatures 
under 5.2-lb average load. Creep is, of 
course, inelastic behavior, and so the 
give under this 5.2-lb continued pull is 
quite a contrast to the elastic behavior 
to a more than 20-lb limit when the 
load was quickly applied. Motion-picture 
projection equipment in normal use 
never applies the long continued stress 
and hence uses this type of splice under 
most advantageous conditions, 

Creep and the dynamic characteristics 
of the splices were found essentially un- 
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Fig. 7. Stress-strain behavior of ad- 


hesive tape splices at different rates of 
elongation. 
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Fig. 5. Stress-strain behavior of ad- 
hesive tape splices and cellulose triace- 
tate film at different relative humidities. 


affected by changes of relative humidity 
from 5% to 100% 

No tendency for the adhesive to bleed 
was noticed, even at temperatures above 
100 F. No measurable slippage of tape 
splices could be induced by continuous 
high-intensity are projection of film 
loops, by aging tightly wound rolls, or by 
repeated rewinding of rolls under ten- 
sion at 150 F. 
projection of loops of black-and-white 


During high-intensity 


film, blistering of the emulsion took 
place before the tape splices were af- 
fected by the heat. 

Because of the high tear strength of the 
Mylar polyester film from which the tape 
is made, the tear strength of the tape 
splices is considerably greater than that 
of triacetate film. 

Both lap and butt splices have been 
cleaned with commonly used film clean- 
ing solutions such as Oronite, made by 
the Oronite Chemical Co., “Freon-113" 
trichlorotrifluoroethane, trichloroethyl- 
ene, alcohol and ammonia, carbon tetra- 
chloride and gasoline, without loosening 
the tape, Yet these tape splices can be 
taken apart and the films respliced with- 
out any loss of frames 


Laboratory Projection Tests 


Both lap and butt splices have shown 
good screen steadiness and have run 
smoothly through a projector in labora- 
tory tests. Most samples tested have been 
projected in loops more than 1000 times 
without splice failure. Some of the butt 
splices tended to become noisy after 50 
to 100 projections, due to the flexing of 
the butt joint. This causes the film loop 
to slap just before it enters the projector 
gate. Lap splices, having greater stiff- 
ness, do not show this effect, though they 
sometimes tend to fail earlier than butt 
splices. This may be due to the un- 
cemented overlapped ends exerting a 
lifting force which tends to loosen the 
tape bond as the splice bends around 
rollers and sprockets. 
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Fig. 6. Stress-strain behavior of adhesive 
tape splices at different temperatures. 


As must be expected even with splices 
such as these, there are factors which 
make some last longer than others. Yet 
the minimum number of projections for 
any tape splice we have made was 345 
runs. ‘The great majority of tape splices 
have outlasted the film when attempts 
have been made to run therm to destruc- 
tion. 


Tape Splices in Theaters 


It is a matter of common knowledge 
that film splices have long been a prob- 
lem in theaters, and that poor splices 
can be found in almost any reel of release 
positive film, A bad scrape, bad applica- 
tion of cement, the wrong cement, un- 
even pressure, an unsatisfactory amount 
of cement — any of these factors ~— can 
cause a poor splice and a potential film 
break in a projector, 

Some projectionists actually take the 
precaution to stick a piece of ordinary 
transparent adjesive tape over every 
cement splice in a reel before projecting 
it, claiming that this piece of tape often 
prevents a film break when the cemented 
bond fails. Perhaps it should come as no 
surprise then that most of the projection- 
ists who have become acquainted with 
tape splicing have been enthusiastic 
even to the point of offering to buy one 
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Fig. 8. Creep behavior of adhesive 
tape splices vs, temperature. 
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of our splicers. In view of these data and 
results it seems apparent that tape splic- 
ing of motion-picture film is of real 
utility. 


Other Applications for Tape Splices 


Butt splices made with a tape using an 
opaque, water-resistant adhesive have 
been used for splicing rawstock for both 
black-and-white and color processing 
The processing solutions did not loosen 


the tape, even when applied to the emul- 
sion surface. It appears, therefore, that 
tape splices may be of interest to labora- 
tories as an alternate for clip, staple or 
stitch splices. Tape splices may also be of 
interest for negative repairing. 

The utility of tape splicing in the 16 mm 
field, while not discussed in this paper 
may even be greater than for 35 mm ap- 
plications. During the course of this work 
we have been in contact with tape and 
splicer manufacturers. All have showa 


Color-Television Coaxial Cable 
Termination and Equalization 


The critical requirements of NTSC color signal transmission make it necessary 
to analyze the characteristics of the coaxial cable used for this purpose within a 


television studio. 


This paper describes (a) the development of multi-element 


terminations to match the variation of cable impedance with frequency, (b) the 
design of networks to compensate for amplifier input capacitance, and (c) the 
provision of precise amplitude equalizers to compensate for cable attenuation. 


he MONOCHROME television the usual 
viewpoint has been that each type of 
coaxial cable used in a studio plant has 
a single value of iterative impedance and 
a smooth variation of attenuation with 
frequency, Investigation shows, how- 
ever, that the cable characteristics vary 
markedly with frequency, particularly 
at the lower video frequencies. In a 
color-television broadcasting plant it is 
important that steps be taken to correct 
for this phenomenon since the FCC- 
approved, NTSC color-television system 
requires high accuracy in the overall 
system performance in order to provide 
good reproduction. System characteris- 
tics which are of secondary importance 
in monochrome broadcasting can have 
a major effect upon hue, saturation and 
both luminance and chrominance res- 
olution. 

Since the hue information is deter- 
mined by a vector angle having a total 
range of less than | cycle at a subcarrier 
frequency of 3.58 me, any small change 
in phase angle anywhere in the system 
can cause an error in hue. Further, if 
the system does not have constant gain 
with frequency to at least 4.2 me, there 
can also be changes in the degree of color 
saturation. 

An analysis of the delay tolerance 
throughout the video spectrum shows 
that the higher frequency components 
A contribution submitted on November 12, 
1954, by W. B. Whalley, CBS Television, 485 
Madison Ave., New York 22, N.Y 


in the region of the subcarrier and its 
sidebands must arrive at the reproducing 
device at the same time as the low fre- 
quency luminance components, (15,734 
cycles/sec and multiples thereof). Any 
change in time of arrival can cause a 
decrease in overall picture resolution, 
because of the color components (I and 
()) of the signal arriving out of time 
registration with the luminance com- 
ponents (Y). The NTSC specifies that 
the overall system (studio, Telco circuits, 
transmitter and receiver) delay variation 
between the 15,734 cycles/sec and the 
3.58 me components should not exceed 
£0.05 psec. 

In order to meet these delay limits, 
the transmission system in a_ color- 
television studio plant must have a 
maximum variation in delay throughout 
the video band appreciably less than that 
allowed for the complete system. A 
tolerance of + 0.02 ywsec seems a reason- 
able objective. Hence, all components 
must be carefully compensated for phase 
as well as for amplitude. 

Since the gain-versus-frequency char- 
acteristic of the overall system is also 
specified by NTSC to be within 2 db 
from 15,734 cycles/sec to 4.2 me, the 
studio portion should be constant within 
less than | db. Because of the many 
sections of coaxial cable and the many 
amplifiers which are in tandem in a 
typical studio plant the maximum error 
in any run of cable should be less than 
0.2 db (i., 2.2% in voltage). To 
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considerable interest in developing the 
materials and equipment needed for tape 
splicing. The Du Pont Company is ready 
to cooperate with any who may wish to 
carry this development further. 


“Mylar” and ‘“Freon-113" are registered 
trade-marks of E. 1. du Pont de Nemours & Com- 
pany, (Inc.) 

“Cronar” is a trade-mark, for which registra- 
tion application has been made, of E. L. du Pont 


de Nemours & Company, (Inc.) 


By W. B. WHALLEY 


provide some safety factor, the coaxial 
cables should be compensated to a 
somewhat higher frequency than the 
color television bandwidth; probably 
to at least 6 me. 


Characteristics of Coaxial Cables 


In many types of cable, the properties 
at all frequencies vary during manu- 
facturing, and are dependent upon the 
operating temperature. Therefore, to 
improve the stability of a color television 
transmission system, it is necessary to 
choose a type of cable which has close 
tolerance in manufacturing and does 
not change appreciably with age. There 
must be constancy of wire and dielectric 
diameters, and accuracy of control of 
concentricity. If there is variation in 
concentricity, there will be changes in 
impedance along each length of cable, 
making it impossible to correctly match 
the line with a single termination. Also, 
the crnter conductor should have a 
plain copper surface since tinned surfaces 
increase in résistivity with life. 

The iterative impedance of any cable 
increases rapidly in phase and magni- 
tude with decreasing frequency below 
200 ke. The basic equation is: 


where r, /, g and ¢ are, respectively, the 
resistance, inductance, shunt conduct- 
ance and capacitance per unit length. 
To maintain the iterative impedance Z; 
constant, r/g must equal //c. However, 
since the shunt conductivity of present- 
day video cables is effectively zero, the 
above equation can be written thus: 


(2) 
we 


It must be noted, however, that 7 and 
! vary with frequency and that the 
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| | | element network which with 
| correct values of R,, 
t — R,, C, and C,, can match f { 
the iterative impedance of  ¢, + 28, 
100 | } a cable over a wide range 4 
REAL T t of frequency. When 
T grounded at B, it becomes >"! 
T T T T oa a receiving end complex 4 
| T T | termination, 
z + + + + + + 
aS + + + + + 
to 
+ 
I Fig. 3. Sample work sheet of 
| equivalent series R' and —jX 
| ae a at 15 ke for a range of values of 
parallel R and C, From this and 
| | T ' similar work sheets at 40, 5, 3 
| and 1 ke, successive values of 
' R and C were chosen to finally 
arrive at satisfactory combinations 
FREQUENCY ~— kc of Ry, C,, R,, C, for the necessary 
Fig. 1. Iterative Impedance of complex terminations. 


WE724 coaxial cable showing the 
rapid increase in impedance, par- 
ticularly in reactance, with de- 


creasing video frequency, typical 100 9! 
of alllow attenuation coaxial cables. 


attenuation curves for presently used 
coaxial cables have two regions of dis- 
continuity, both below 1 mc. 

Changes in temperature cause the 
resistance of the cable to change. pro- 
portional to the temperature coefficient 
of resistance. For copper this represents 
a change of 0.4% per degree centigrade. 
Large changes in temperature can, 
therefore, change Z; and the attenuation 
of the cable. 


Compiex Terminations 


A simple resistance termination can 
cause undesirable changes in both phase 
and voltage of the received signal at the 
lower video frequencies. The change of 
Z; with frequency below 200 kc, may 
be compensated for by one of two 
methods. The conductance of the cable 
may be changed, so that r/g = l/c, by, 
for example, adding shunt resistors at 
suitable points.' This method has certain 
disadvantages, such as the numerous 
extra splices required, and the increase 
in attenuation. The other method is to 
use complex terminations whose im- 
pedance characteristics vary with fre- 
quency in a similar manner to the cable. 
It is advisable to have such complex 
terminations at both ends of each long 
cable run, since then the correct termi- 
nation is independent of the length of the 
cable. 

Equation (2) shows that Z;, is capaci- 
tive at lower frequencies. For example, 


OHMS 


R 


\ 
' Joseph Fisher, “TV distribution system for Or —— 
laboratory use,” Communications, 29: No. 2, p. 1000 500 200 100 50 20 10 5 2 ' 
42, Feb. 1949, R OHMS 
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WE724 cable which has a nominal 
impedance of 75 ohms, has the following 
iterative impedances at low video fre- 
quencies: 


Z, at40 kc = 81.1 j 13.8 
82.2 9° 6 
15ke = 86 —j 33 
92.2 |—21° 
5 ke = 110 -j 76 
= 133.5 |—34° 7 
3ke = 131 — 5 106 
m 168.2 -49° 
1 ke = 213 j 197 
= 290 |—42°.7 


These values (see Fig. 1) suggest a 
network consisting of resistors and ca- 
pacitors. Because of the complex varia- 
tion with frequency, several components 
are necessary, and these should be series- 
parallel combinations, 

A direct approach to the calculation 
of the necessary ¢’s and r’s would be to 
set up a number of simultaneous equa- 
tions, each being equal to the real and 
imaginary of the iterative im- 
pedance at each of several frequencies. 
Figure 2 shows a possible five element 
network, Ry, the 
iterative impedance at frequencies above 


value 


must be equal to 
about 1 me, since the reactances of Cy 
and C, should become negligibly small 
at the higher video frequencies, The 
impedance, Z,, at any ifrequenc y (f,) 
of this network is: 


= R, + 


Ry 
1 


1 + 


Each equation for each frequency is a 
quadratic in reals imaginaries, 
hence, the solution 
involved. 

Another approach and one which is 
used in this work, is that of successive 
approximations, A number of groups of 


and 


could be quite 


c’s and r’s are calculated at each of 
several frequencies and the values 
10 


83-iSP CONN 


| 
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SECTION “A-A" 
Fig. 4. CBS Types 3A, 3B and 3C Receiving End Complex Terminations showing the small size and convenient method of coupling 


to standard video coaxial cable fittings. 


checked against the necessary irnpedances 
for the various frequencies. There is 
some saving in time by plotting graphs 
of the real and imaginary values for a 
number of different c’s and r’s for each 
of several frequencies. A sample curve 
sheet, calculated for 15 ke is shown in 
Fig. 3. Choosing many successive values 
of ¢ and r and checking the sums of reals 
and imaginaries at several frequencies 
leads to a combination which can fit 
the impedance curve to an accuracy of 
+2 ohms down to 10 kc and +4 ohms 
down to 2 ke. 


Design Calculations 


For the coaxial section of a conven- 
tional camera cable,? the iterative 
impedance (calculated from r, / and c 
per foot) has the following values: 


Z, at Ime = 53.5 —j 0.6 
53.5 | .7 
= 55.2 —j 13.6 
= 57 14° 
= 62.0 —j 32 
= 69.8 |—27°.3 (4) 
5 ke = 87.4 — j 69 
= 111.5 |—38° 
Ske = 106 —j 94 
= 142 ~41° 5 


To match this cable for frequencies 
at and above 1 mc, the termination 
resistor Ry (Fig. 2) should be 53.5 ohms. 
Then at each lower frequency, the real 
value of impedance contributed by Ro, 
Cs, R, and C,;, must be the real value 
of Z; less 53.5 ohms. 

Required real value of ReC,R,C, 


at40 ke = 1.7 —j 13.6 (5) 
= 8.5 —j32 
Ske = 33.9 69 
3ke = 52.5 — 594 


After trying various values of ¢ and r, 
it will be found that R, = 330 ohms, 
C, = 0.6 mf, Rj = 33 ohms, and 


* Howard A. Chinn, Television Broadcasting, 
McGraw-Hill, New York, 1953, p. 587. 
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C; = 0.55 mf give a combination having 
the following values of impedance, Zy: 


Zy at 40ke = 1.73 —j13.6 (6) 
Ske = 9.44 —j31 
Ske = 32.2 — j 66 
3ke = 52 —j 94.2 


Adding 53.5 ohms, (R;3), the five element 
network has: 


Zrat40 ke = 55.2 —j 13.6 
= 57 |—13°.8 
15ke = 62.9 —j31 
= 70 |—26°.3 7 
5ke = 85.7 — j 66 @) 
= 108 |—37°.6 
3ke = 105.5 — j 94.2 


= 141 5 |—41°.7 


The maximum error between (7) and 
(4) is 3.5 ohms and 1 degree. 

After calculation of suitable ¢ and r 
combinations, experimental units were 
tested at each of the frequencies, with 
a “Z-angle” meter. As a further check, 
the input impedance of a long coaxial 
cable was measured with the complex 
termination at the far end. Any appre- 
ciable deviation from the first measure- 
ments would have indicated a need for 
modifying the values of ¢ and r. Finally 
the waveform at the receiving end of the 
long cable was observed when low- 
frequency square-wave signals were 
applied to the sending end. The im- 
pedance values checked within -2 
ohms of the calculated values. 


Physical Design of Complex Terminations 


At the receiving end of the cable, the 
complex termination must be connected 
from the inner conductor to the outer 
sheath, hence, terminal B (Fig. 2) is 
at ground potential. This causes all com- 
ponents except R; to be at low potential, 
so that only Rz need be spaced from 
ground. Figure 4 shows the design of the 
CBS Types 3A, 3B and 3C receiving end 
complex term.nations. 

At the transmitting end, the high 
frequency resistor R; will usually be an 
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SECTION "A-A" 


Fig. 5. CBS type 2C Sending End Complex Termination showing the two capacitors (C, and C,) and shunt resistors (R, and R, ) 
mounted on the axis of the cylindrical shield structure to keep the stray capacity per unit length similar to that of the coaxial cable. 
For the sending end, R, (see Fig. 2) is the effective output resistance of the associated video driving amplifier. 


integral part of the driving amplifier 
(see below), and Cy, Ry, C, must 
be so mounted that their stray capacity 
to ground per unit length of the assembly 
will be similar to that of the cable. 
Figure 5 shows the design of the CBS- 
2C sending end termination. All com- 
ponents should have small tolerances, 
eg., Rg = +1%, Re and C; = +2% 
and R,; and C; = +5%. 


Video Amplifier Characteristics 


The impedance of the signal source, 
usually the output stage of a video 
amplifier, forms part of the sending end 
cable termination. By choosing a video 
amplifier which has constant output re- 
sistance, this resistance can be so chosen 
as to substitute for R;. 

If a high impedance output stage were 
used, there would be undesirable in- 


Fig. 6. Schematic showing loading coils 
L, added at the input of a video ampli- 
fier to compensate for the stray capaci- 
tance to ground Cy, of the first tube grid 
circuit. Ly, with C, form a ‘*T” low 
pass-filter having a characteristic im- 
pedance Ro. 


4-4 44-444 


db PER 1000 FEET 
° 


| 
Ome 


crease in voltage amplitude with de- 
creasing frequency. Fortunately, video 
amplifiers having constant output re- 
sistance are available, i.c., either anode 
coupled with shunt resistor to ground, 
or with inverse feedback and cathode- 
coupled output. 


Amplifier Input Loading 


Video amplifiers have shunt capaci- 
tance from their input terminal to 
ground, In parallel with a cable termi- 
nation, the input capacitance of one 
amplifier can change the amplitude- 
frequency response of the circuit above 
1 me to a degree approaching the per- 
missible color signal tolerances. When 
several amplifiers are “looped-through” 
at the end of a cable, the error introduced 
is intolerable, even for ordinary mono- 
chrome operation, However, compensa- 
tion may be provided for each isolation 
or mixing amplifier by input loading 
coils.* Each coil, with the shunt capacity 
of the amplifier input, forms a “T”’ low- 
pass filter having: 


R, = 2,’ (8) 
La = (9) 


where Ry, Z;’, La and Cx, are respec- 
*D. E. Maxwell first applied this technique in 
1949 in order to provide a means of connecting 
a number of picture monitors to a video source 
without degrading the performance of the 
circuit. 
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Fig. 7. Attenuation curve of WE724 coaxial cable showing the two discontinuities 
(at approximately 10 and 70 kc) typical of low-loss coaxial cables. 


Whalley: 


tively the iterative impedance of the low 
pass filter, the iterative impedance of 
the cable at 4 me, the inductance of 
each loading coil and the input shunt 
the amplifier. ‘This 
arrangement results in the amplifier 
input matching the cable Z; impedance 
but, it should be noted, also introduces 
a small delay. 

The cable termination is connected 
to the output side of the filter as shown 


capacitance of 


in Fig. 6. 


Cable Equalization 


A length of coaxial cable behaves as a 
complex passive network, It has an 
amplitude-frequency response with two 
regions where there is a sharp change in 
slope, one at about 10 ke and the other 


at about 70 ke, as shown in the typical 


Ly} 


(BEC) (OES) 


by 


by byw 


(oy-—— 


Fig. 8. Complex “‘Bridged-T"’ Equalizer 
showing the many shunt sections of 
inductance and resistance, with asso- 
ciated series sections of resistance and 
capacitance required to compensate for 
the complex variation of attenuation 
with frequency of coaxial cable. 
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Table 1. Attenuation Equalizer Application. 


Reconimended 
maximum cable 


Choice of* 


Signal length without lype of cable lengths, ‘Taps on 
class equalization equalizer ft equalizer 
I 24 ft WE 724¢ WE 323A 50 4-B, C-D 
100 E-F, G-H 
150 J-K, L-M 
200 . N-P, R-S 
250 . T-U, V-W 
300 X-Y 
42 ft RG-11/U" WE 323A 87 A-B, C-D 
175 E-F, G-H 
261 J-K, L-M 
350 N-P, R-S 
X-Y 
II 200 ft WE 724 WE 323A 200, 250, 300 (see above ) 
350 ft RG-11/U WE 323A 350, 435, 520 (see above) 
Il Equalizers built into camera or channel amplifiers. 
lV 400 ft WE 724 CBS 6A, 6B* Increments of 300’ 
500 ft RG-11/1 CBS 6A, 6B4 Increments of 500’ 
Notes: 


« Where several lengths, each less than 24 ft are in tandem, equalization should be provided for the 


total of such lengths 


» But WE 724 cable more stable in attenuation from one lot to another, and with age 


* Use tap closest to actual length of cable 


If maximum accuracy desired, add extra coiled cable 


# See “CBS Television City technical facilities” by H. A. Chinn, R. 8. O’Brien, R. B. Monroe and P. E. 


Fish, Proc, IRE, July 1954, Fig. 24, p. 1089. 


Table I, Complex Terminations,’ 


Recommer ded 
maximum cable 
length without 


Signal complex Sending end Receiving end 
class terminations/ Cable termination termination 
I 200 ft WE 724 CBS 2B CBS 3B 
RG-11/U CBS 2A CBS 3A 
Il 400 ft WE 724 CBS 2B CBS 3B 
RG-11/U CBS 2A CBS 3A 
Ill 200 ft Camera Cable CBS 2C CBS 3C 
WE 724 CBS 2B CBS 3B 
RG-11/U CBS 2A CBS 3A 
IV 200 ft WE 724 CBS 2B CBS 3B 
RG-11/U CBS 2A CBS 3A 
Notes: 


When CBS 2A, 3A, 2B, 3B or 2C, 3C terminations are used, the equalizer must be coupled through an amplifier. 


* See Figs. 4 and 5 


‘ It is recommended that amplifiers used to feed a cable have constant output resistance. 


curve of Fig. 7. The rate of change of 
resistivity of the inner conductor with 
frequency is the chief cause of the changes 
in slope. The complex terminations have 
no losses and therefore do not affect the 
frequency response of the cable. Correc- 
tion of the variation of transmission with 
frequency can be done with additional 
equalizing passive networks which can also 
compensate for phase (or delay) errors in 
the cable and thus provide constant delay 
over the necessary bandwidth. 

A suitable equalizer should have con- 
stant input and output impedance over 
a wide range of frequencies, and a loss 
frequency which 
precisely the cable 
attenuation, The design of an equalizer 
to adequately cover the wide frequency 
range of the video signal, involves a large 
Since the rate 


characteristic with 


compensates for 


nurnber of components, 
of compensation with frequency is an 


12 


involved function, it is necessary to sub- 
divide the spectrum into various bands 
and for each band to have a specific 
group of series and shunt components.‘ 
The greater the number of bands, with 
their individual compensation, — the 
smoother is the overall response curve. 

Simple # and T networks are unsatis- 
factory because of the variation of input 
and output impedance with frequency. 
Probably the most satisfactory type is the 
bridged-T, with multiple sections, as 
shown in Fig. 8. 

The construction of an equalizer of 
this type, to provide compensation within 
+ 0.1 db from 60 cycles/sec to 6 me, 
requires high precision. All coils, resistors 
and capacitors should have a maximum 
* P. W. Rounds, “Equalization of video cables,” 
1954 IRE National Convention Record, Part 
2 — Circuit Theory, p. 16. 


1%. Due to the large 
number of parts, the physical position 


tolerance of + 


of each element must be carefully chosen 
to prevent undesired inductive or capac- 
itive coupling, which could give a corre- 
sponding “notch” in the response curve. 

Each multi-element bridged-T, despite 
the number of components, is suitable 
only for one particular length of cable. 
For a studio plant, it is, therefore, usually 
necessary to have several types. 

Recently a commercial video equalizer 
the WE323A, became available. This 
unit contains three groups of intercon- 
nected multi-element bridged-Ts, with 
taps to provide adjustment for six lengths 
of cable, and has a cut-off frequency of 
10 me. 

In CBS color television studios, 
numerous WE323A equalizers are used 
together with the complex terminations 
described above. The need an 
equalizer and complex termination is 
determined by the type of signal and 
the length of the cable. For equalization 


for 


purposes, video circuits can be broken 
down into four classifications as follows: 


I. Encoded 
circuits; 
If. Encoded color video to monitors; 
III. Video only (red, green and blue 


color video to program 


signals); and 
IV. Pulse (syne and blanking) distri- 
bution, 


For class I, an equalizer should be used 
on any circuit more than 24-ft long, 
whereas class II circuits do not require 
equalizers until they become 200 ft long. 

Table I indicates the relations between 
the type of signal, length of cable and 
type of equalizer, while Table II shows 
the recommended lengths for 
complex terminations. 

Since the WE323A equalizer is de- 
signed for a constant 75-ohm termina- 
tion, it requires isolation through a suit- 
able coupling amplifier when used with a 
complex The amplifier 
input terminal is connected to the CBS 
cable receiving end complex termination, 
and the output terminal to the equalizer. 


cable 


termination, 


Summary 


The rigorous requirements of the FCC 
approved NTSC color television system 
require great care in equalizing and 
terminating studio coaxial cables. 
Methods of doing this have been de- 
scribed in the preceding paragraphs and 
they have been applied to the CBS color 
television studios, recently constructed 
in New York and Hollywood. As a result, 
transmission tolerances well within the 
NTSC specifications have been achieved. 


The author wishes to acknowledge the 
encouragement and helpful suggestions 
offered by Howard A. Chinn, Chief 
Audio-Video Engineer, and Richard S. 
O’Brien, both of CBS Television. 
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The Motion-Picture Laboratory 


The evolution of the motion-picture processing laboratory is traced from the early 
days of reel-and-trough processing by Pathe and Gaumont up to the present day 
of highly efficient and complicated machine handling. During this half-century, 
many changes have been introduced in order to render the necessary services, to 
guarantee a uniformly high quality, and to meet economic requirements. In the 
early operations, processing was controlled largely by visual judgment. When 
photographic sound recording was introduced, sensitometric and other instru- 
mental controls were adopted and a general refinement of laboratory methods soon 
followed. The complications of color photography required new techniques and 
new tools, especially as regards printing machinery. Laboratory work in the service 
of television is one in which the element of time is emphasized greatly. 

During the latter half of the period, a system of motion-picture photography 
for the amateur involving the making of direct positives by reversal has resulted 
in the growth of a system of custom processing laboratories. At the same time the 
ramification of services to professional motion-picture production has been met by 
the development of new techniques and new functions while a high standard of 
quality and service has been maintained. 


‘aes BIRTHDAY of the motion-picture 
laboratory may be considered as coinci- 
dent with the date of August 1889, when 
George Eastman sent a supply of motion- 
picture film to W. K. L. Dickson at the 
laboratory of Thomas A. Edison in New- 
ark, N.J., for use in his Kinetoscope.'”’ 

Many previous workers had made pic- 
tures of moving objects consisting of a 
series of photographs on sheets or strips of 
film or bands of paper; but it would 


‘ 


seem reasonable to apply the term ‘“‘mo- ix 
tion-picture” to a or work- 
room handling strips of film not less than 
50 ft in length. 

Dickson has described his method of A: negeX we we 
processing this film as follows'”: “‘At- 
tached to this room, which was about 18 “ 
by 20 ft in size, were two darkrooms 
one for punching, trimming, joining the 
films, and printing the positives; the 
other for developing, fixing, washing, and 
‘glycerining’* the films. These operations 
were done by using large, black, enam- 
eled drums adjustably suspended at each 
end when immersed in long, shallow 
troughs [Fig. 1]. 

“The films were spirally wound around 
these drums and the ends clamped to hold 
the film in place. When deemed to be 
thoroughly developed, the drum was 
carried to a similar trough to revolve in 
water coming from a spray over the 
length of the film or drum. The used 
water was carried away by an overflow 
from the trough. The film was then car- 
ried to the fixing trough and back to the 


Communication No. 1668 from the Kodak Re- 
search Laboratories, presented on May 6, 1954, 
at the Society's Convention at Washington, D.C., 
by J. IL. Crabtree, Research Laboratories, East- 
man Kodak Co., Rochester 4, N.Y. 

(This paper was received on July 12, 1954 
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washing arrangement, thence to the 
glycerine trough, and dried before a fan 
while revolving on the motor-driven 
drum, 

“As to our method of printing nega- 
tives, I had a large 8- or 10-inch sprock- 
eted drum made, geared to run slowly, 
over which the films came in contact, the 
unexposed film being under the negative 
and the pins engaging both filme A 
small pea-lamp and reflector were placed 
above the negative. A square of ground 
glass was interposed between the light 
and the film, and the light was regulated 
by a small slide resistance to give the 
right exposure. Two spools on each 
side were used, geared to pick up the 


Crude bal machine | - 


*A bath of glycerine and water, used to 
render the film more flexible. 


Fig. 1. W. K. L. Dickson's processing equipment (1888-89), 
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Fig. 2. The Robert W. Paul Printer 
(1895). 


negative and positive films.” ‘Thus the 
principles of “spray impingement” and 
printing over the surface of a drum were 
born at an early age 

In the year 1895, L 
public showing of motion pictures with 


Lumiere gave a 


film prepared from “base”’ obtained from 
the New York Celluloid 


“which we coated with a sensitive emul- 


Company 


sion in our machines and made into per- 
forated rolls’ and which, presumably, 
was processed in the same manner as by 


Dickson." 


Fig. 3. Paul’s Laboratory Outfit (1895). 


In the same year (1895), Robert W. 
Paul in England had manufactured and 
distributed several duplicates of the Ki- 
netoscope which was not patented in Eng- 
land and, being unable to obtain film 
subjects from Edison, built a studio and 
laboratory. To quote his 
“In Birt Acres I found a 

willing to take up the 


processing 
own words 
photographer 
photography and processing, provided I 
could supply him with the necessary 
plant, which I did early in 1895," For 
perforating the film I made, for use in an 
ordinary fly-press, a set of punches, 32 
in number, made to the Edison gauge 
and fitted with pilot pins 

“Our printer [Fig. 2] was of the rotary 
type, consisting merely of a sprocket 
over which the positive and negative 
films passed together, behind a narrow 


slot illuminated by a gas jet. The 
sprocket was turned by hand at a speed 
judged by the operator, who inspected 
the negative as it travelled past a beam 
of red light. For development, a 40-ft. 
Jength of film was wound upon a birch 
frame with spacing pegs [Fig. 3]. Hori- 
zontal or vertical troughs held the solu- 
tions and washing water. At first drying 
was done in festoons, but a little later on 
light wooden drums. In 1899 a labora- 
tory was erected adjacent to the studio 
having a capacity for processing up to 
8000 feet of film per day.” hus was 
born the rack-and-tank system (Fig. 4). 
Other film producers in England of 
this period included G. A. Smith, Charles 
Urban, J. Williamson, A. C. Bromhead 
and C. Hepworth. Hepworth has de- 
scribed some of his experiences before the 
British Kinematograph Society.’ He 
writes; ‘““My first effort was to photo- 
graph the boat race — it must have been 
the one of 1898, I think — and I took 
the negative to Wrench’s place in Gray’s 
Inn Road to develop on a pin-frame. 
With the arrogance of youth and the ex- 
perience of one fifty-foot film behind me 
I then said that that was not the proper 
way to develop a continuous strip like a 
cinematograph film and that it ought to 
be developed continuously in a machine. 
So I set to work and made, and after- 
wards patented, an automatic machine 
[Fig. 5] in which the film was drawn 
through a succession of troughs in which it 
was developed, rinsed, fixed, and washed. 
Afterwards a printer and a_ perforator 
were added to the same machine so that 


Fig. 4. Paul’s Laboratory (1899). (Reproduced from Moving Pictures by F. A, Talbot, Lippincott, Philadelphia, 1923.) 
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we fed the unperforated film, just as it 
came from the maker, in at one end and 
it Came out a finished print at the other. 
That was in 1898. In the tiny scullery 
we installed a vertical gas-engine, direct- 
coupled to a dynamo. It was just about 
as noisy as the average road-drill. We 
always had our meals in the same room. 
The automatic developing and printing 
machine was brought from Warwick 
Court and set up in the drawing-room. 
The best bedroom became the drying 
room, where the films were hung in fes- 
toons from wires stretched across it; the 
other bedroom served a similar purpose. 
The bathroom was the cutting-room and 
the front sitting-room was the office. 
My own patent ran out years before the 
rest of the trade began to feel the need 
of automatic developing, but it lasted me 
the whole of my film life, and I still have 
the consolation of knowing it was the 
first in the world.” 

In the same periodical, A. C. Brom- 
head'*® states: “At that time practically 
all film producers perforated their own 
films in their own laboratories. The types 
of perforator used were chiefly rotary 
Laboratories recovered quite a sum by 
the sale of their punchings or perfora- 
tions in the residue market. The perfora- 
tors referred to were chiefly made by 
Wrench & Prestwich. In the result, per- 
forations varied very widely, because the 
teeth wore smaller, the matrixes wore 
larger, and the perforation holes became 
ragged and irregular, causing unsteadi- 
ness of projec tion. It was really a great 
boon to the trade when Eastman and 


13 


Fig. 5. The Hepworth Processing Machine, British Patent 13,315 (1898). 


Pathe began to supply their stock per- 
forated to an accurate gauge by an in- 
strument of precision.” 

Simultancously with technical develop- 
ments in England, stimulated by the 
Kinectoscope, many firms in France 
entered the field of motion-picture pro- 
duction including Lumiére, Pathé, Gau- 
mont, George Melies, Eclair, Lux, George 
Maurice, Debrie, etc., and during the 
next two decades they pioneered both in 
studio work and in the development of 


processing equipment, Likewise in Ger- 


Fig. 6. The Lobel Single-Strip Straight-Line Machine (1912), 
La Technique Cinématographique by L.. Lobel, Dunod et Pinat, Paris, 1912.) 
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many the motion-picture industry pro- 
gressed under the leadership of Oskar 
Messter, Max and Emil Sladanowsky 
and the firms of Askania, Geyer and Agta 

The Societé des Etablissements Gau- 
mont in 1907 was the first to put into serv- 
ice “batteries” of automatic developing 
machines.“ In these, the processing 
solutions were held in tubes and later in 
tanks. single-strip straight-line tank 
machine was employed by Lobel in 1912 


(Fig. 6) 


(Reproduced from 
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In the United States, the drum- 
and-trough and rack-and-tank systems 
largely prevailed (Figs. 7 and 8), but in 
1913 Leon Gaumont brought to Roches- 
ter, N.Y., a “tube” processing machine 
of the type illustrated in Fig. 9, in the 
operation of which I had the privilege 
of assisting. However, continuous proces- 
sing machines were not universally 
adopted until several years later. 

In France, the motion-picture labora- 


Fig. 7. The rack-and-tank system (1918). 


tory by this time was organized broadly 
on present-day lines and those in Eng- 
land and the United States soon fol- 
lowed but, in the half-century since that 
time, many changes have been intro- 
duced in order to render the necessary 
services, to guarantee uniformly high 
photographic quality, and to meet eco- 
nomic requirements, 

Owing to World Wars I and II, 
motion-picture development was greatly 


if 


retarded in England, France, Germany 
and Italy, with the result that during 
these periods the major technica! develop- 
ments in laboratory processing occurred 
in the United States but these have been 
adopted in recent years by most labora- 
tories throughout the world. 

It is beyond the scope of this paper to 
consider the details of laboratory con- 
struction and organization which are 
adequately covered in the literature*7~™? 


Fig. 8. Transferring film from developing rack to drying drum (1918). 
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however at this stage it is perhaps desira- 
ble to get a mental picture of the com- 
plexity of a modern processing labora- 
tory so as to better evaluate the impor- 
tance of the various milestones in the path 
of progress to be discussed later. 

The nuclei of the laboratory are the 
developing and printing rooms contain- 
ing complex machinery and, to insure 
their efficient operation, the basement 
may contain chemical mixing and cir- 
culating systems with flow meters (Fig. 
10), refrigeration and air-conditioning 
apparatus, air compressors, electrical 
generators, water filters and softeners, 
silver recovery apparatus, a machine 
shop and a chemical laboratory. 

Other departments provide for clean- 
ing the negatives and positives, negative 
and positive assembly (Fig. 11), splicing, 
edge-numbering, negative timing, lubri- 
cation, editing, projection and storage. 
Although several types of machines 
have been devised for applying cleaning 
liquids and buffing the film*® in order to 
avoid possible damage to negatives, many 
laboratories still clean their film by first 
winding it onto a plush-covered drum 
(Fig. 12). 

We shall now consider the outstanding 
developments appertaining to processing 
laboratories which have occurred during 
the past half-century and which have 
been responsible for present high stand- 
ards in photographic quality and effi- 
ciency. These developments may be 
tabulated as (a) functional milestones 
and (b) technical milestones. 


(a) Functional Milestones 


(1) Emergence of the laboratory as a 
separate organization to produce rush or 
daily prints and release prints. This oc- 
curred about 1900 when the laboratory 
work was no longer done by the camera- 
man and his helper. 

(2) Additional functions beyond those 
of developing negatives and printing and 
developing positives were added in 
stages, namely, special printing, dis- 
solves, dupes, tinting and toning, titles, 
reduction prints, “‘blow-ups,” ete. 

(3) Entry of the release print labora- 
tory as separate from the studio labora- 
tory. 

(4) Establishment of special service 
laboratories such as for “process work.” 

(5) Specialist color laboratories: Tech- 
nicolor, Cinecolor, and others, 

(6) Specially equipped newsreel labo- 
ratories. 


Fig. 10. Chemical mixing room with flow me- 
ters. Pathe Laboratories, Inc., New York, 


N.Y., 1953. 


Fig. 9. The Gaumont Tube Machine (about 
1913). (Reproduced from Historique et Développe- 
ment de la Technique Cinématographique, Jean Vivié, 
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Fig. 11. 35mm and 16mm assembly. 


Pathe Laboratories, Inc., 


New York, N.Y., 1953. 


(7) Sound production and printing as a 
laboratory function (1928) 

(8) Refined chemical, mechanical and 
sensitometric control functions brought 
about largely by (7) (1930) 

(9) Amateur service laboratories for 
reversal of originals and later for making 
duplicate positives. (This occurred about 
the same time as (4) and (5).) 

(10) Color work in the nonspecialist 
laboratories (1950) 

(11) Rapid and specialized work for the 
TV industry. This involved quicker serv- 
ice and prints with less than normal 
density and contrast 

(12) Miscellaneous work, including 
sound striping, electrical printing of 
sound and anamorphic printing. 


(b) Technical Milestones 
With regard to outstanding develop- 


ments which have contributed to prog- 


ris 


Petented Nov 1000 


Fig. 13. The F. B. Thompson Film Dry- 
ing Machine, with helical rack (1909). 


ress in laboratory processing, the follow- 
ing milestones are merely the opinion of 
one person who has been intimately asso- 
ciated with processing laboratories for 
over forty years. However, there are un- 
doubtedly errors in precise chronology 
because, in many cases, several years 
elapsed before a new procedure made its 
impact on laboratories as a whole after 
its initiation. 


1886 ‘The old adage, “there is nothing 

new under the sun” would appear 
to apply also to processing machines 
since, in 1886, British Patent 16,327 was 
issued to John Urie, Sr., and John Urie, 
Jr., for a processing machine incorporat- 
ing most of the elements which were 
adopted in one form or another in later 
types of processing machines. The ma- 
chine employs (1) a constant but adjusta- 
ble running speed, (2) a light-tight feed- 
on box, (3) feed-on rollers, (4) rollers 


Fig 14. The Gaumont Processing Ma- 
chine, with spiral path of film travel 
(1916). 


Fig. 12. In order to avoid possible dam- 
age to negatives, many laboratories 
clean the base side by first winding on a 


plush-covered drum. Consolidated 


Film Industries, Hollywood, Calif., 1953. 


which guide the film through the ma- 
chine, (5) deep processing tanks, (6) agi- 
tation and uniform distribution of process- 
ing solutions, (7) regulation of treatment 
time by number and lengths of film loops, 
(8) auxiliary drive rollers, (9) replenisher 
system and constant liquid level of solu- 
tions, (10) storage tanks for collecting 
overflow, (11) recirculation of processing 
solutions, (12) means for relieving film 
tension and taking up of film slack and 
(13) portable racks which could be raised 
and lowered in the baths. However, no 
mention is made either of a drier or re- 
serve elevator. 
1898 So far as is known, the first ma- 
chine actually used for processing 
motion-picture filrn is that of C. Hep- 


thowrson. 


- 


lal Soy Pity 
Fig. 15. The F. B. Thompson 


Full Friction Lower Roller Driven 
Sprocketless Machine (1918). 
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worth described in British Patent 13,315 
(1898) which consisted of a plurality of 
long shallow troughs, side by side, having 
feed sprockets at each end (Fig. 5). 

The complete system included a per- 
forator, and a printer from which the film 
was fed into the first trough over a mova- 
ble rod which controlled the time of im- 
mersion. After passing through the 
various troughs in succession, the film was 
fed to a drier and rewind spool. Some 
years later, H. V. Lawley replaced this 
principle with a system of long vertical 
tubes which overcame the excessive 
aerial oxidation of the developer in the 
Hepworth troughs. 


1907 Installation of “batteries” of tube 
processing machines by L. Gau- 
mont, Paris." 


1909 In U.S. Patent 939,350, F. B. 
Thompson described a film-drying 
machine with helical rack, the top and 
bottom rollers being driven by a chain- 
and-sprocket combination (Fig. 13). 


1913 Installation of a Gaumont tube 

machine for positive film at Kodak 
Park, Rochester, N.Y. In this year the 
first experimental lengths of panchro- 
matic negative motion-picture film were 
made and processed by the reel-and- 
trough system at Kodak Park. 


1916 United States Patent 1,177,697 

(1916) was issued to Leon Gau- 
mont for a motion-picture processor hav- 
ing a plurality of tanks in which upper 
and lower crowned rollers rotating on 
shafts afforded a helical path of travel for 
the film (Fig. 14). This fundamental idea 
has been adopted in many of the modern 
processing machines. An accompanying 
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Fig. 16. The F. B. Thompson Film 
Drier, using graded diameter rollers to 
compensate for shrinkage (1926). 
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Sprocket drive — tube type. 


Table I. Classification of Continuous Processing Machines. 


One loop between every two sprockets. Loop is weighted, 


IT. Sprocket drive multipie idle loop 


Several loops between every two sprockets, movable lower shaft or fixed lower shaft 


with one lower loop weighted. 


111. Sprocket on rack shaft 


floating lower shaft idle. 


(a) Sprocket at second position on upper driven shaft to provide 180° wrap. May give 


pitch trouble with large sprockets. 


(b) Sprocket at first position to give 90° wrap for less pitch trouble. 
I I 


IV’. Sprocketless (with pacemaker). 
(a) Bottom shaft drive 


1. Graded roller diameter to prevent uneven motion. 


9 


2. Rollers loose but alternates pinned to prevent uneven motion. 


3. Bottom rollers on nondriven shafts. Each roller driven when shortening of 
loop brings it up against driving drum. 


(b) Top shaft drive 


1. Rollers free except about 30% pinned to shaft. Drive governed by position of 
lower floating shaft which modifies the drive action of a belt running tangent 
to driven drum on rack-shaft drive. 


2. As in 1, except drive through throttled turbine on each station 


3. Upper shaft stationary. Rollers obtaining drive on roller rims from drum above. 
(c) Upper driven shaft carrying some pinned rollers among others graded in diameter. 


V. Miscellaneous. 
(a) Rubber pinch roller. 


(b) Small machines in which the film is pulled through a considerable path over idle 


rollers. 
(c) Horizontal tank machines. 


(d) Roller racks which are continuous-motion but not continuous-path machines. 


patent (U.S. 1,209,096, 1916) by Gau- 
mont described a drier with means for 
spiral travel of the film, a safety loop be- 
tween the tanks and drier for protection 
against breakage, and an alarm system. 


1918 United States Patent 1,260,595 
was issued to F. B. Thompson for 
a processing system having a helical path 


of rollers of varying diameter to com- - 


pensate for shrinkage during drying. 
United States Patent 1,281,711, also 
issued to F. B. Thompson (Fig. 15), de- 
scribed a full-friction, lower roller-driven 
sprocketless machine conveying the film 
in a spiral path in each tank. 

In a later patent, U.S. 1,569,156 
(1926), Thompson applied the same 
spiral path idea to the drier using graded 
diameter rollers to compensate for shrink- 
age (Fig. 16). 


1920 ‘The above-mentioned principles 
were incorporated in the “Spoor- 
Thompson” machine which contained 
the basic principles of most modern 
processors. Table I lists the various 
schemes for driving the film in processing 
machines in present-day laboratories 
By eliminating sprockets, potential dam- 
age to the film, such as sprocket-hole 
tears, has been eliminated, unperforated 
film can be developed with equal facility, 
and a high speed of film travel in excess 
of 200 fpm has been made possible 
In the intervening years, many en- 
gineers have contributed to the perfect- 
ing of the modern processing machine in 
addition to Gaumont and ‘Thompson, 
including DeMoos, Hubbard, Chanier, 
Tronolone, Sentou and Jacquet, Wescott, 


the Carleton Brothers, Hunter, Gage, 


—“FUNTER“PERCE DEVELOPING MACHINE 


Fig. 17. The Hunter-Pierce Horizontal Tank Machine (1931), 
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Fig. 18. Roller rack used in rack-and- 
tank process (1935). 


Griffith, Leshing, Nicholaus, Spray 
Capstaff, Lootens, Duryea, ‘Tondreau, 
Bertram, Solow, Miller, Gaski, Vinten, 
Debrie, Geyer and others.' 

The Hunter-Pierce machine (Fig. 17) 
which is typical of Type V (c), consists of 
three horizontal shallow troughs, one 
above the other, and accommodates 10 
strands of filrn, each of which is pulled 
through the entire machine by a single 
sprocket, although several booster fric- 
tion drives are desirable. Film enters in 
the top trough, passes to the second, and 
then to the lower trough, and up again to 
the drying box on top at a speed of about 
12 fpm.'** 

A typical roller rack for use in the rack- 
and-tank system, which serves to keep a 
loop of film moving continuously so as 
to avoid rack marks, is shown in Fig. 18 
and is capable of giving a development 
uniformity of the same order as that of 


continuous machines.” 


Fig. 21. Scene tester (C. E. Ives and J. I. Crabtree, 


1922). 


Fig. 22. Double-reel equipment for processing 
film (1925). 
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CC Fig. 20. Spray-washing section of Erbograph Machine (1920). 


1920 Duplitized Film was supplied by the 

Eastman Kodak Company for use 
in two-color subtractive color processes, 
and many schemes were devised for proc- 
essing this film, such as floating the film 
on the surface of the treating liquid or 
protecting one side by varnishing before 
immersion and then removing the var- 
nish for the second treatment. 

A panchromatic negative film was by 
now in general use, necessitating a 
change in darkroom illumination from 
red to low-level dark green.™ 
1921 The SMPE Committee on Film 

and Emulsions™ listed the follow- 
ing existing processing machines: Spoor- 
Thompson, Duplex, Lawley (England), 
Pathe, Jaeps (England), Erbograph, 
Gaumont (Flushing, L.I.), all being tube 
machines except the Erbograph and the 
Spoor-Thompson. Some machines used 
double-toothed sprockets others 
sprockets with teeth alternating from one 
side to the other on successive sprockets. 

In the Erbograph machine (Fig. 19), 
the processing solutions were in troughs 
superimposed one above the other,'®° 
the film traveled horizontally and the 
troughs could be lowered for threading 
This machine was one of the first to em- 
ploy “spray washing” (Fig. 20). 

The Lawley machine employed verti- 
cal tubes 30 to 40 ft long even for drying, 
which extended into the third story, but 
the film tended to adhere to the sides of 
the tubes causing scratches and breakage. 


1922 Asimple method of scene testing®”' 

was devised by printing through a 
series of neutral densities calibrated in 
terms of printer steps (Fig. 21), although 
around 1920 Max Handschieg]l in Holly- 
wood manufactured a scene tester em- 
ploying a stepwise shutter, which varied 
the time of exposure instead of the light 
intensity as in the printer. This was later 
improved by Crabtree, Ives and Tuttle 
(1930),? and the principle was applied, 
still later, in the Cinex, Reeves, Houston, 
and Herrnfeld*'® scene testers. 


1923 The 16mm reversible Cine-Kodak 
Film employing a controlled light 
exposure for the redevelopment stage 
was born™ and, in the initial stages, was 
processed on a reel and later on a double 
reel illustrated in Fig. 22, the film being 
transferred to the upper reel for drying. 


1926 Cine-Kodak Film was processed 

commercially on a 7-fpm ma- 
chine employing removable racks (Fig. 
23), one of which is shown suspended 
from an upper beam. In later machines 
the speed was increased to 40 fpm. 


1927 Duplicating. Up to this point, re- 

lease printing was done from orig- 
inal negatives but, for foreign release, 
a print on positive stock or a duplicate 
negative on regular negative stock was 
supplied which, at best, was of inferior 
quality. The introduction of Eastman 
Duplicating Film,’ which contained a 


Fig. 24. A machine 
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Fig. 23. The First Cine-Kodak Continuous Processor (1926). 
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in which negative film was first developed commercially in the 
United States (1928). 
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Fig. 25. The Eastman Transmission 
Densitometer (1930). 


yellow dye, permitted contrast control 
by printing with yellow or violet filters 
and was employed for making both the 
master positive and the duplicate nega- 
tive. At a later date (1937),'® individual 
films for making the master positive and 
the duplicate negative made greater con- 
trol possible with improved quality and 
graininess, 

In this year, the borax developer, 
Kodak D-76, was introduced.'” Hitherto, 
the only trend in developer substitution 
had been the use of Metol and hydro- 
quinone in place of pyrogallol or glycin, 
but the borax developer, with its high 
content of sulfite and its low pH value, 
gave finer-grained negatives, better H 
and D permitted con- 
veniently longer developing times. Most 


curves, and 


Fig. 26, Film 


storage cabinets with 
individual drawers installed in a film 
vault at Kodak Park, Rochester, N.Y. 
(1929). 


present-day sound and motion-picture 
negative developers are derivatives of this 
formula. 


1928 Machine Development of Negatives. 
Up to this time, very few labora- 
tories had dared to develop negative film 
by machine for fear of damage, although 
the hope of doing this was expressed in a 
paper entitled “The Technical Status of 
the Film Laboratory’’™ in 1928 by L. M. 
Griffith, of the Paramount Hollywood 
Laboratory, who stated: “The progress 
of development technique may ultimately 
lead to chemically automatic developers 
capable of yielding the highest quality by 
simple time-temperature methods and 
machine processing of negatives will soon 
be the rule.” 

In discussing this paper, I stated: 
“. . itis apparently up to the cameraman 
or whoever is responsible for the lighting 
to so light the set, that with a constant 
degree of development it will give the 
negative required. I think it is almost 
impossible for a man in a darkroom to de- 
velop a negative to the correct degree so 
that it will give a print of the type re- 
quired. I don’t see how he can know un- 
less he knows exactly what each scene is 
all about. I think that better results will 
be obtained by standardizing the de- 
velopment. Then if the negative is not 
right, the lighting is wrong.” 

Machine development of negative was 
brought to fruition by C. R. Hunter'™.'™ 
in 1928 who described a modified Spoor- 
Thompson machine in which he had 
been successfully developing negative 
film for over a year (Fig. 24). In discus- 
sing this paper, M. S. Leshing (Fox Lab- 
oratories) stated: “I was present when 
the first foot of film went through the 
negative machine at Universal City and 
as a ‘Doubting Thomas’ I sent in over 


400 feet of negative. The Universal people 
didn’t know what the subject was or 
which stock it was. I was agreeably sur- 
prised when I saw the results. As a mat- 
ter of fact, we laboratory men are dis- 
couraged when we see this machine work- 
ing. We ‘expert’ laboratory men have 
tried to ‘photograph’ for the camera- 
men. I do believe that this is a great step 
forward in producing uniformity of re- 
sults.” 

In August, 1932,”7 the Report of the 
Progress Committee of the Society stated : 
“Three of the largest studios in Holly- 
wood have established the practice of 
developing all negatives to a_ fixed 
gamma. The practice at first caused con- 
fusion among cameramen, but after be- 
coming familiar with the laboratory tech- 
nique, they adapted themselves readily 
to the situation.” 


Processing of Sound Records. This was an 
epoch-making year when sound on film 
became universal although both Fox- 
Case of Movietone and the General Elec- 
tric Co. had given exhibitions in 1927 
and DeForest in 1923.'* 

Very little was known about the proc- 
essing of sound records until Eng] studied 
the sensitometric aspects.“ Sponable 
and Nicholson of Fox-Case made further 
sensitometric studies of the flashing-lamp 
technique*”’ with collaboration of the 
Kodak Research Laboratories, but D. 
MacKenzie, of the Bell Telephone Labo- 
ratories, was largely responsible for 
working out initially the necessary con- 
ditions for processing variable-density 
sound records.?”° 

Since that time a great amount of re- 
search has been applied to the determina- 
tion of the optimum conditions for proc- 
essing variable-density and_ variable- 


Fig. 27. Eastman Edge-Waxing Machine (1930), 
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width records by the research depart- 
ments of the film and apparatus manu- 
facturers and the film studios. 

At an early stage it was recognized 
that sound records should be developed 
to a fixed degree or “gamma” which 
necessitated the establishment of sensi- 
tometric tests in all studios and labora- 
tories, but the situation in the early days 
was chaotic until the introduction by 
Kodak of the Eastman Type IIb Sensi- 
tometer™ and by ERPI of the Western 
Electric 1100 Densitometer,” which in- 
struments greatly facilitated the testing 
methods. Photoelectric densitometers 
were later supplied by Eastman Kodak, 
Ansco,*! Herrnfeld™ and others. 

After sensitometry had proved its 
worth in the control of variable-density 
sound tracks, the next step was to apply 
it to the control processing of picture 
negatives and prints. 

Previously, negative scenes were de- 
veloped to different degrees and also the 
positives to some extent, but now that all 
positives were to be developed for a fixed 
time at a given temperature, this tended 
to compel the cameramen to employ light 
meters in order to obtain the necessary 
uniformity from scene to scene. 

Provided with a sensitometer and den- 
sitometer (Fig. 25) and other refined 
instrumental aids, the laboratory was 
able to measure not only variations in 
the activity of the developer and varia- 
tions in the degree of uniformity of proc- 
essing resulting from changes in tempera- 
ture and degree of agitation, but likewise 
variations in uniformity of the photo- 
graphic characteristics of the film emul- 
sions. This had the beneficial effectof com- 
pelling the film manufacturers to improve 
the uniformity of their product, the lack 
of which it was previously possible to 
blame on the laboratory. 

In the beginning, sound quality of 
film records was quite inferior by modern 
standards owing to many causes, includ- 
ing lack of quality-control methods in 
processing, and it was not until 1935 that 
a planned system of replenishment of de- 
velopers was found possible.” More 
thorough chemical control by analysis, 
pH measurement, and replenishment 
was not realized until 1940,~-*° 

At present (1954), con:rol of laboratory 
processing of sound tracks is also accom- 
plished by raeans of intermodulation dis- 
tortion measurements for variable-den- 
sity tracks and cross-modulation analyses 
for variable-area Use of 
these two techniques has supplemented 
and, in some instances, replaced labora- 
tory instrument control in the develop- 
ment of sound records, 


1929 Preservation and Storage. A novel 

storage cabinet (Fig. 26) for insur- 
ing maximum protection to all films 
stored in a vault and minimum danger 
from spreading of fire consisted of a series 
of metal drawers of 1000-ft capacity 


Fig. 28, Eastman Electrolytic Silver Recovery Unit (1931). 


Fig. 29. The original printing machine: the Lumiere Camera (1895). 
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Fig. 30. The Bell & Howell Model D 


Printer (1912). . 


contained in fire-resisting wood cabi- 
nets.'* The back end of each drawer was 
vented into a large flue pipe leading out 
of the building. Fire tests showed that 
one roll could be burned up completely 
without damaging any other rolls in the 
cabinet, 

Most laboratories, however, employed 
the type of storage vault permitted by 
the National Board of Fire Underwriters 
for protection to surroundings, relying on 
duplicates for insurance of preservation. 
The universal use of safety film in 1950 
tended to simplify the problem of storing 
future productions 

Apart from the fire hazard, increasing 
attention was given to the necessity for 
thorough washing of film’ to insure its 
perpetuation, a sensitive method of de- 
termining hypo in film was devised'”* and 
limits of hypo content were established 


which have since become standard 
throughout the industry.'” 
1930 Surface Treatment and Renovation 


After processing and before pro- 
jection, positive film requires lubrication 
to prevent offsetting of gelatin in the gate 
of the projector. In 1922 this was effected 
by edge-waxing with molten wax™ and 
later (1930)*** with a solution of wax in a 
readily volatile solvent (Fig. 27); and 
today many laboratories follow this pro- 
cedure at the end of the drying cabinet 
before rewinding. 

In order to minimize abrasion of the 
picture and sound record, a solution of 
wax was applied to the entire surface of 
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Fig. 31. Bell & Howell Model E Printer and Sound Printer (1932). 


the film, followed by buffing,”*? but this 
treatment was never universally adopted. 
Later, in 1941, Talbot®* described a 
method of applying a varnish to the 
emulsion surface of processed film which 
could be removed and reapplied as the 
coating became scratched after a period 
of use. 

Throughout the years numerous pro- 
prietary preparations have been applied 
to film with a view to increasing its life 
and preventing brittleness but none has 
been sufficiently effective to gain uni- 
versal adoption. 

A scratch-removing process which had 
some merit consisted in swelling the gela- 
tin coating in a caustic solution and the 
base side with a suitable solvent, and then 
drying.**° 


Wide Film. During 1930 there was a 
great flurry of interest in wide film, 
various standards being proposed, 
namely, 70mm for Fox Grandeur, 63mm 
for “Natural Vision” by Spoor and Berg- 
gren, and 56mm for Magnafilm by Del 
Riccio and LaPorte of Paramount.™ 
Special processing machines were de- 
vised for each of these dimensions but 
none has survived beyond the pseudo- 
commercial stage. 


1931 Electrolytic Silver Recovery. As a re- 

sult of the researches of Hickman, 
Sanford and Weyerts,?® electrolytic re- 
covery of silver from exhausted fixing 
baths was initiated in many laboratories. 
A typical electrolytic unit, shown in Fig. 


28, provides for rapid agitation of the 
solution by paddles operating between 
the electrodes, thus permitting the use of 
high current density without sulfuriza- 
tion of the bath. A U.S. Patent 
(1,866,701) was issued to Garbutt and 
Ingman in 1932, but filed in 1929, for a 
method of silver recovery utilizing air agi- 
tation of the electrolyte, and this method 
was adopted in the Hollywood Para- 
mount Laboratory. 

For many years previously, labora- 
tories had recovered silver by precipitat- 
ing it as sulfide and then discarding the 
bath, although by this method it is pos- 
sible to re-use the fixing solution after fil- 
tration provided an excess of silver ion is 
maintained during precipitation. Apart 
from the economy effected by electrolytic 
recovery, the necessary attendant analy- 
ses serve to insure uniform fixation and 
hardening properties of the fixing bath. 


1932 Automatic Printing. At this stage, 
picture prints had been made on 
step printers such as the Lawley, William- 
son, Duplex (flat and curved gate), 
Vinten, Debrie, Depue, Askania, Geyer, 
etc., machines and, in the earliest stages, 
the camera, such as the Lumiere," was 
employed also as a printer (Fig. 29). 

By now, the Bell & Howell Model D 
continuous printer (Fig. 30) and the Du- 
plex step printers were prevalent types 
throughout the industry. Negative tim- 
ing was largely by eye and, surprisingly, 
for black-and-white work, this method is 
almost universally employed today. Ex- 
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Fig. 32, A modern multihead printer. The Calvin Co., 
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Kansas City, Mo. (1952). 


posure sequence was effected with the aid 
of edge notches which activated mech- 
anisms for varying the lamp voltage or 
the diaphragms in the New York labo- 
ratories, although in Hollywood most 
timing is accomplished by the light test 
method, 

Sound negatives were printed by con- 
tact in a separate operation on the Model 
D printer with a mask in the gate to 
eliminate the picture area. Optical print- 
ers were in the development stage. 

With the advent of the Bell & Howell 
Model E printer (Fig. 31) in 1932, the 
picture and sound were printed in one 
operation and by this time an infinite 
variety of printers were devised by labora- 
tories and manufacturers, each labora- 
tory usually modifying the Bell & Howell 
Model D or Duplex printer head and 
using these in tandem or in combination 
soundhead. Rewinding was 
avoided by making printers reversible or 
printing from the looped negatives. A 
multiple-head printer is shown in Fig 
32 29 


with a 


Optical printing was being adopted 
about this time, making possible either 
a 1:1 ratio or 16mm: 35mm or vice versa, 
both with picture and sound. 
Several optical printers are in common 
use today, including the Depue, Acme- 
Dunn, Peterson (Fig. 33), Maurer, 
Arnold & Richter, Union Tonfilm (Ger- 
many), and the RCA and Eastman 
Model D sound printers. 


1935 


with 


year, being the birthday of the 
three-color 16mm Kodachrome Process,“ 
in which a multilayer film was utilized 
which could be processed by successive 
immersion in solutions without recourse 
to imbibition or other treatments. 
In the earlier years, selective develop- 
ment of the emulsion layers was depend- 
ent on the differential penetration of the 


This was another epoch-making 


processing solutions but later, in 1938, 
the film layers were so sensitized that de- 
velopment of each layer could be ini- 
tiated by exposing the film in succession to 
cyan and yellow light. A typical proces- 
sing machine is shown in Fig. 34. 


1937 Agfacolor Reversible 35mm Film 
was made available and Eastman 
Kodak and Du Pont fine-grain sound- 
recording films in 1938, which made it 
feasible to develop variable-density sound 
negatives in the regular picture negative 
developers. Eastman Kodak also sup- 
plied 32mm film for slitting to 16mm 
after printing from a tandem negative 
and processing. 


1939 Photoelectric densitometers were 
rapidly replacing the visual 
types.”'~*° It is interesting that as early 
as 1921 W. G. Story, Jr., measured the 
transmission of photographic images 
with a photocell and suggested this ap- 
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Fig. 33. The 


Peterson Optical Printer (1952). 


plication to the determination of print- 
ing exposure.*"! 

1940 Integral printing was in use in- 
volving a hookup of printer, proc- 
essor and projector. The printer and pro- 


jector ran faster than the processor but 


elevators were interposed to accommo- 
date the differential speeds, Such a 
hookup was in full operation in the Fort 
Lee laboratories of the Consolidated Film 
Industries in 1934, The current layout 
in the Consolidated Hollywood labora- 
tories is shown in Fig, 35. 


Turbulation. This term is often applied 
to the extent to which the solutions are 
removed at the surface of the film during 
processing and is usually proportional to 
the degree of agitation or “turbulence” 
of the liquid. 

The importance of agitation in photo- 
graphic processing has been frequently 


Fig. 34. A Kodachrome Continuous Processing Machine (1953). 
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Fig. 35. Mlustrating integral printing involving a hookup of printer, 
processor and projector. Consolidated Film Industries, Hollywood, 
Calif. (1953). 


stressed in the literature but its signifi- 
cance in motion-picture laboratory proc- 
essing was only fully revealed when at- 
tempts were made to improve the quality 
of sound records. Crabtree, of the Bell 
Telephone Laboratories,'* was the first 
to study this subject in detail in relation 
to variable-density sound records but the 
first published account of attempts in a 
commercial laboratory using the Spoor- 
Thompson type of machine to increase 
the degree of turbulation in order to de- 
crease “directional effects’’ or “sprocket- 
hole modulation”’ was by Leshing, Ing- 
man and Pier in 1939-1940,* although in 
1935 Ingman was granted U.S. Patent 
1,991,251, which claimed the use of sub- 
merged jets for increasing turbulence in 
processing solutions, The normal degree 
of agitation resulting from the rapid mo- 
tion of the film in this type of machine 
had been only partially effective in pre- 
venting the above defects but, by empty- 
ing about 75% of the developer in the 
tank and flowing the developer from the 
top down the vertical moving strands of 
film, the “directional effects” were largely 
eliminated, although this procedure 
was conducive to aerial oxidation of the 
solution. This method constitutes an ap- 
plication of the scheme used at the 
Warner Studios many years ago, the film 
being developed on a reel. The developer 
was poured over the reel, across the sur- 
face of the film, thus turning the reel in 
the manner of a water wheel 

In the same year, Capstaff patented a 
“spray rack”’ (U.S. 2,169,758) which pro- 
vided immersed nozzles or spray pipes 
arranged adjacent to the film loops, and 
“backing rollers” were provided to main- 
tain the position of the film. This method 
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is currently used in many laboratories, 
especially for color development. A typi- 
cal arrangement of the pumps and piping 
for such a system is shown in Fig. 36. 

Other methods of turbulation involve 
agitation with air or nitrogen.’ 

E. A. Bertram has advised that in 
1936, under-surface turbulation and 
“waterfall” application of developer was 
employed for negative development in 
the DeLuxe Laboratories, New York, 
N.Y. 

Likewise at the DeLuxe Laboratories, 
spray application of all processing solu- 
tions was in force for positive 16mm film 
in 1937 (Fig. 37) while in 1941 complete 
spray application of all solutions was in 
use for the development of 35mm nega- 
tive films (Fig. 38). 

An almost unique method for reducing 
directional effects was that of Davidge 
(1935)," which involved winding the 
film on a reel with an interleaving apron 
to separate the convolutions and rotating 
the reel in the developer solution, baffle 
plates in the tank serving to force the de- 
veloper across the film surface. A 1000-ft 
unit is shown in Fig. 39. 


1941 Coating of film with a removable 
lacquer to prevent abrasion and 
scratches was initiated.*” 


1942 Printing of sound records with 

ultravioiet light" served to pre- 
vent depth penetration of the latent 
image and image-spreading, giving bet- 
ter resolution. 

In 1928 Sandvik and Silberstein?®® 
demonstrated the improvement in resolv- 
ing power by the use of ultraviolet radia- 
tion but later Oswald and Foster in a 
series of patents claimed the use of ultra- 


Fig. 36. 400-gpm capacity circulating 
system for jet agitation in color process- 
ing. Pathe Laboratories, Inc., New 
York, N. Y. (1953). 


violet for the recording and reproduc- 
tion of sound and the printing of motion- 
picture film (U.S. 1,928,392, 1933; 
2,030,760, 1936; 2,055,261, 1936; 2,213,- 
531, 1940). 


1945 Processing procedures for Ansco 

reversible® negative and color 
positive film were made available to 
laboratories. 


1946 Rapid Processing. Although most 

laboratories employ the ASA 
standard development temperature of 
68F, rapid processing of motion-picture 
film at temperatures up to 125 F was ac- 
complished™ by the use of (a) specially 
hardened emulsions or prehardening 
baths, (b) elevated temperatures for the 
developer, fixer and wash water, (c) opti- 
mum agitation by spray application of the 
solutions and wash water, and (d) dry- 
ing by contact with a heated suriace or 
by jets of air. 

In the 35mm machine shown in Fig. 
40, the film passes successively through 
spraying chambers which apply the 
processing solutions at 130 F, the film 
being finally air-squeegeed and dried by 
jets of hot air applied at numerous points 
as the film passes around the periphery 
of a “bicycle wheel.” 

Several adaptations of this machine 
have been made for television kinescope 
recording and microcopying (Fig. 41). 

Commercially available rapid proces- 
sors include the General Precision 
l6mm'* and the Paramount.™* The 
Debrie Aiglonne, while of relatively slow 
speed, is of novel design and is self- 
threading.** 


Construction Materials. With the intro- 
duction of continuous processing ma- 
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chines, it was necessary to employ a 
variety of corrosion-resisting construc- 
tion materials more amenable to fab- 
rication to replace the wood, stone, brass, 
glass, etc., previously employed for rack- 
and-tank work. Molybdenum stainless 
steel A.I.S.1. Type 316 was available and 
since has been extensively employed in 
modern processors.*'~** A large number 
of plastics were also introduced, many 
of which are suitable for tank linings, 
bearings, rollers, piping, etc. 


1947 Another epoch-making year was 
1947, when magnetic recording 
was tending to replace photographic re- 
cording in the studios, thus eliminating 
the laboratory processing, and by the 
fall of 1948 was almost generally 
adopted.** However, re-recordings con- 
tinued to be made photographically. 
Magnetic striping of processed and un- Fig. 37. 16mm spray application machine for positive film, 
processed film was proposed by Camras.'”* DeLuxe Laboratories, New York, N.Y. (1937). 


1949 Du Pont color positive film for 
printing from three-color separa- 
tion negatives was issued which em- 
ployed synthetic binders for the silver 
halides which were, at the same time, < ’ 
color couplers.*° Procedures for process- 


ing Kodachrome film were made avail- _ 


able to laboratories. 

Manufacture of nitrate film was dis- 
continued by Kodak and soon after by 
other manufacturers and so only safety 
film was supplied. This had the effect of 
reducing fire hazards in the laboratory 
and making available construction sites 
for new laboratories in zoning areas pre- 
viously forbidden. A fluorescent dye was 
incorporated in the safety film for identi- 
fication with ultraviolet light. 


1951 Eastman and Ansco color nega- 

tive and positive films were intro- 
duced*** and rapidly adopted by many 
laboratories which, for many years, had 


been anxiously awaiting the availability 
of a color process which they could 
handle themselves with a minimum of al- Fig. 38. 35mm spray application machine for positive film. 
teration to their existing equipment. DeLuxe Laboratories, New York, N. Y. (1941). 


Fig. 39. The Davidge 1000-Ft Developing Reel, which is rotated Fig. 40. A machine for rapid processing at 125 F (Ives and 
in the processing solutions (1935). Kunz, 1950). 
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Fig. 41, The Recordak Rapid Processor (1953). 


1952 Supplementing color negative and 

color positive, a color internega- 

tive film** was introduced for duplication 
and for use in special-effects work. 

With improvements in emulsions, 

processing solutions and machinery, it was 


now possible to increase the speed of 
processing color films from 20 to 40 fpm 
and later, in 1954, to 60 and as high as 
150 fpm in some laboratories. The speed 
of processing black-and-white positive 
film in some cases exceeded 200 fpm. 


Fig. 43. The complete drying section of the 150-ft/min machine (35mm) at the De- 
Luxe Laboratories, New York, N.Y. (1954). It is only 5 ft in width. 
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Fig. 42. Illustrating method of rapid 
drying by impingement of warm air 
from a large number of air jets (Miller, 
1953). 


Rapid drying of film*’ was being ac- 
complished by impingement of warm air 
(125 to 210 F) through a large number of 
small orifices in a plenum placed in close 
proximity to the film, as illustrated dia- 
grammatically in Fig. 42. In 1953 the 
general trend was toward this type of 
drier construction and the adoption of 
higher processing temperatures to insure 
more rapid production. 

Figure 43 illustrates the complete dry- 
ing section of the 150-fpm machine at the 
DeLuxe Laboratories, New York, N.Y. 
Eastman Color Positive Film (35mm) is 
dried in 1 min 45 sec with air at 155 F 
(October 1953). 


1953 Magnetic striping of 16mm and 

35mm films was in progress in 
many laboratories either by disk applica- 
tion of a slurry of magnetic material 
(Fig. 44)'"* or by laminating a strip of 
magnetic tape. 

Electrolytic regencation of a rapid de- 
veloper containing vanadium salts was 
accomplished by means of electrolysis** 
but it is doubtful if this scheme will re- 
place the existing developing solutions in 
the immediate future. 

Current practice (1953) in the Pre- 
cision Film Laboratories, New York, 
N.Y., for optimum quality in 16mm 
prints, is to print picture and sound sepa- 
rately, the picture on the (step) contact, 
or reduction printers, and the sound on 
1:1 optical printers or electronically from 


Volume 64 


Fig. 44. A magnetic striping machine (Dedell, 1953). 


a magnetic track distributed to several 
optical printers. 


The Impact of Color on the Laboratory. 
Until the advent of multilayer subtrac- 
tive color films and their general avail- 
ability, color photography had, little ef- 
fect on the majority of service labora- 
_ tories since most processes such as Techni- 
color, Gaumont, Keller-Dorian, Prizma 
and Cinecolor were operated by individ- 
ual laboratories, each system requiring 
specific treatment. 

The Consolidated Film Industries 
operated the Magnacolor Process which 
was later superseded by the Trucolor 
Process. Magnacolor was similar to Cine- 
color, being a toning process using Dupli- 
tized Positive. Trucolor was a color de- 
velopment process utilizing color couplers 
incorporated in both sides of a Duplitized 
Positive 

Multilayer films can be handled on 
processing machines essentially similar 
to those employed for black-and-white 
films but require more tanks, more com- 
plicated solutions, auxiliary tanks for 
processing the sound track and, in print- 
ing, it is necessary to control both the 
hue and intensity of the light source. 
A typical processing machine is shown 
in Fig. 45. 

In view of the complexity of the chemi- 
cal and optical reactions involved, rigid 
control methods must have even greater 
precision than is required for sound. 

For color sensitometry, several inten- 
sity-scale instruments and photoelectric 
densitometers with color filter attach- 
ments have been made available, includ- 
ing the Eastman Processing Control, 
Ansco, Houston and Herrnfeld sensi- 
tometers, and the Ansco, Eastman Type 
31A (Fig. 46) and Westrex color densi- 

In printing color film, variation of the 
hue as well as of the intensity of the 
printing light is accomplished either by 
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COLOR FILTERS & BEAM SPLITTER — 


HEAT ABSORBER 


FILM STRIP FOR LIGHT INTENSITY CONTROL @ COLOR CORRECTION 


SEE CETAL. BELOW ——— 


o « @ o « @ 


BEAM CONDENSER — 


~~PREFILTER STRIP 


SCENE | SCENE 2 SCENE 3 


BEAM COLLECTOR 


Fig. 48, Illustrating the optical principles of the Debrie 
Matipo Step Printer. Additive color mixture is effected 
by the use of a line-screen control matte in combination 


with prismatic lenses and three filter elements 


means of individual filters, filter packs 
with or without neutral density filters, or 
by intermixing the three primary colors 
projected onto the printing aperture. 
For each scene, the filter or pack may be 
changed as is done in an automatic slide 
projector, or, more generally, a traveling 
matte or “cuing strip” is employed with 
varying apertures in combination with 
filters to modulate the intensity and hue 
of the printing light. 

Additive printing with narrow band 
filters gives improved color saturation. 
In the Streiffert printer (Fig. 47), light 
from a single lamp is divided into three 
beams which are individually filtered, 
controlled in intensity by rotating vanes, 
and projected onto the printer aperture. 
Control is by means of punch holes in a 
control filmstrip which can also be 
adapted for scene testing.” The Debrie 
Matipo step color printer likewise em- 
ploys the additive color-mixture principle 
effected by the use of a line screen control 
matte in combination with prismatic 
lenses and three filter elements (Fig. 48).°° 

It is customary to check the intensity 
and color quality at the printer aperture 
with a suitable photocell using stand- 
ardized filters." Notching of the film 
for scene changes is avoided by painting 
the edge of the film at intervals with a 
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conducting paint which serves to actuate 
a solenoid 

For scene testing, the color positive 
may be exposed through the negative 
with a range of color-correcting filters 
under conditions which correspond to 
the printer exposure times, intensity and 
color balance, Typical scene testers in- 
clude the Reeves, Houston-Fearless and 
the Herrnfeld instruments. The latter 
employs a curved platen with sixteen 
filter variants and the light, modulated by 
varying apertures, is directed to the film 
by a rotating mirror which scans the 
curved printing platen (Fig. 49). 


The Future 


The work of the motion-picture labora- 
tory is becoming more and more techni- 
cal, requiring the combined efforts of 
mechanical engineers, chemists and 
physicists to produce pictures having the 
maximum definition and photographic 
quality of which the film is capable, in 
the shortest possible time and at the least 
cost. 

The significant growth of 16mm film 
in the professional field, and especially 
that of television, combined with the de- 
mands of color processing, will necessitate 
greater refinement of laboratory mecha- 
nisms and procedures in the future but 
I am sure that the facilities which our 


Fig. 49. The Herrnfeld Scene Tester (1951). 


Society is providing for cooperative effort 
will contribute greatly to attainment of 
these goals. 


The author wishes to acknowledge the 
assistance of his colleagues, C. E. Ives 
and A. R. Turner, in the preparation of 
this paper. 

Discussion 

John G. Frayne (Westrex Corp.): 1 saw no ref- 
erence to the Western Electric 1100A Densitom- 
eter which was introduced around 1940, I be- 
lieve, and which played a great part in stand- 
ardizing sensitometry and the processing of 
variable-density films as well as black-and-white 
pictures. I believe this instrument should have 
some reference in the paper 

Mr. Crabtree: 1 gave a reference to that, al- 
though I didn’t show an illustration. 

of RCA): How large a part in the overall 
picture of sound printing was played by the 


Kellogg (Consulting Engineer, formerly 


nonslip printer, first brought to public attention 
through the work of C. N. Batsel about 1932? 

Mr. Crabtree: The nonslip principle has not 
played a very important part in the evolution of 
the laboratory and, so far as I know, is not 
currently employed, Although the films do not 
tend to slip longitudinally, they may periodically 
slip laterally. 

Mr. Kellogg: May 1 add an item to what you 
just said? A recent letter I had from Art Blaney 
was to the effect that although the nonslip 
printers were not very widely used, and displaced 
other types of printer only in a few laboratories, 
they did, by demonstrating what they could do 
with variable-area tracks in the way of improv- 
ing definition, force retinements and better per- 
formance of sound printers throughout the in- 
dustry. 

Sidney P. Solow (Consolidated Film Indus- 
tries): I think your paper helps point out that 
rather than being an adjunct, the laboratory 
is really the nucleus of a motion-picture enterprise 
and that if a country somewhere in the world 
would like to establish a native _otion-picture 
industry they had better first consider establishing 
a laboratory. 
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Simple Electronic Timing Device 


for High-Speed Cinematography 


A single-pulse, simple timing system, to be used in motion-picture cameras in the 
range of 200 to 2000 frames /sec, is discussed. One msec resolution is obtained with 


a single neon glow lamp. 


By AN EARLIER article* the develop- 
ment of wide-angle optics to moderately 
high-speed motion-picture cameras by 
the Douglas Aircraft Co. was discussed. 
These scoring cameras were oriented in 
two clusters for spherical, binocular 
coverage in an aerial target to record mis- 
sile miss vectors, From this develop- 
ment two main types of scoring cameras 
evolved, the Fastax and the Filmo. The 
Fastax version, made by the Wollensak 
Optical Co. of Rochester, N.Y., is a 
modification of the standard Fastax en- 
abling it to operate smoothly at as slow a 
speed as 500 frames/sec. The Bell & 
Howell Filmo, intermittent film motion 
type, eventually culminated in a produc- 
tion model known as the Traid-200 
Scoring Camera with a frame rate of 200 
It is produced by the Traid 
Corp. (special California representative 
of the Bell & Howell Co. of Chicago), 
Sherman Oaks, Calif. Both types of 
cameras (see Figs. la and 1b) incor- 
porate a comparatively large, but inter- 


frames/sec. 


Presented on October 22, 1954, at the Society's 
Convention at Los Angeles by Webster Blake, 
Dept. A-250, Douglas Aircraft Co., Inc., 3000 
Ocean Park Blyd., Santa Monica, Calif 
(This paper was received on August 17, 1954.) 
* H. E. Bauer and A. W. Blake, “Application of 
wide-angle optics to moderately high-speed 
motion-picture cameras,” Jour, SMPTE, 60: 
38-48, Jan. 1953. 


changeable, wide-angle optical assembly 
as shown in Fig. 1b (4 in. diameter by 
8 in. long) with a field coverage of 142° 
and an aperture of about //1.5. Figure 
la shows the new and smaller wide- 
angle lens assembly. 

One of the main reasons for these 
rather large dimensions is the necessity 
of housing a circular bank of ten NE-51 
glow lamps that constitutes a clock for 
time correlation. Nine of the lamps are 
pulsed in a syncopic binary code which 
gives a time resolution to within 1 msec 
and is generated by an electronic master 
time clock. The tenth lamp flashes for 
ground correlation on “ 
These lamps are presented into the field 
of view of the objective lens of the wide- 


event” time. 


angle assembly and so are photographed 
simultaneously with each exposed field 
With this system, in order to 
determine the time associated with a 


picture, 


particular frame, it is necessary only to 
look up the binary equivalent in a glos- 
sary or to employ a decoding device. 
The new timing device is divorced 
from the camera lens, being a separate 
system built directly into the camera. 
It consists of a single NE-16 neon glow 
lamp per camera that supplies essentially 
the same information derived from the 
ten lamps of the previous design, ‘The 
electronic timer box that controls this 
lamp is smaller, simpler and lighter than 
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the previous master time clock and can 
produce the same time and event ac- 
curacy at event time. The nine-lamp 
binary code system produces a precise 
clocking of an entire camera run and is 
used accordingly; but by proper syn- 
chronization of camera and incidence se- 
quence a single-lamp timer can be pro- 
grammed to pulse close to a short event, 
therefore providing a time record only 
when it is needed, An additional bene- 
fit of this simpler design is the freedom to 
use any lens on the camera. 

There is a single neon glow lamp al- 
ready installed in the Fastax camera, and 
it would be a relatively simple matter to 
modify its design to sharpen the lamp 
image on the film plane. The standard 
Fastax timer-lamp design incorporates a 
cylindrical lens that is used advanta- 
geously for higher frame rates. ‘This 
specialized lens can be replaced by a 
simple achromat to increase the sharp- 
ness of the lamp image as required for 
this particular timing system. 

The problem and also the main ob- 
jective of the new development was to in- 
stall a timer lamp in the Traid-200 
camera. Because of the possible varia- 
tions in the lengths of the film loops in 
this type of camera it is necessary to 
expose the image of the timer lamp on the 
film at the gate in order to assure that 
the time recorded is associated with a 
specific picture. ‘Theoretically, it 
seemed at first that any type of pulse 
that could be exposed onto the film at 
this place would produce only a smeared 
garble of images; but, as it turned out, 
the intermittent motion of the film actu- 


Fig. 1A. Traid 200 Scoring Camera. 
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Fig. 1B. Fastax Scoring Camera. 
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ally produced a periodic stationary and 
motion-blurred image pattern that is the 
key to a unique coding. It has been 
designated the “Duplex Timing System”’ 
and will be explained in greater detail. 


Optical and Mechanical Design 


The GE 4-w NE-16 lamp is housed on 
the side of the camera door as shown in 
Fig. 2. The only place to project the 
lamp image on the film at the gate and 
not to obstruct the rays from a camera 
lens is on the very edge of the 16mm 


Fig. 2. Duplex Timer Installation 


in Traid 200. 
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Fig. 5. 200-fps picture time samples. 


film outside the sprocket holes, In 
order to project the timer-lamp image on- 
to the emulsion side of the film, the light 
path from the lamp has to be bent 180°. 
This is done with two_ mirrors, one of 
which is an integral part of a short focal 
length lens inserted in the optical path 
quite close to the film. The lens re- 
duces the »-in. diameter electrodes of 
the lamp to the 0.030-in, diameter image 
needed at the film plane. To miniatur- 
ize the optics of the Duplex Timer as 
much as possible and to accomplish the 


demagnification needed, a prism lens 
was designed to be inserted between the 
shutter and aperture plate (a space of 
only in.). The possibilities for 
locating the lens are very limited, in 
fact confined to this particular loca- 
tion because the time code produced by 
the image of the timer lamp depends for 
its interpretation on the fact that it is 
continuously exposed on the film and 
not cut off by the rotating circular shut- 
ter. It also has to be positioned where 
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it would not interfere with the me- 
chanics of the camera, 

The prism lens is in reality a modified 
Coddington magnifier that is made from 
a cylindrical segment cut coaxially with 
The Duplex 
prism lens makes use of the same prin- 


an axis of a sphere of glass. 


ciple, but uses only a hemisphere of glass. 
The plane surface is used as a mirror 
reflecting plane and is aluminized be- 
cause some of the refracted converging 
rays exceed the internal critical re- 
flecting angle. This mirror surface is 
located 45° to the light path to bend, as 
well as to refract, twice through the 
convex surface of the glass hemisphere. 

The principal points of a sphere of 
glass coincide at the geometrical center. 
This makes it simple to calculate the focal 
length and the location required for a 
particular magnification. Due to the 
confined quarters of the Duplex prism 
lens it was found impractical to pro- 
vide a focusing adjustment; but, by 
judicious use of the formula, f = 
nR/2(n — 1), for the focal length of the 
Coddington lens, the image plane can 
be located by the proper ¢hoice of the 
index of refraction and bY minor jug- 
gling of the radius. An effective focal 
length of 0.169 in. was chosen using glass 
of 1.588 index. The mount was de- 
signed so that the prism-lens has a work- 
ing aperture of f/1. 


Principles of the Duplex Code 


Che principles of the Duplex timing 
code are more easily understood once 
the exposure cycle of the Traid-200 cam- 
era is familiar. Figure 3  répresents 
schematically the circular shutter and 
designates five arbitrarily oriented equal 
time segments of a picture cycle. Notice 
that during the picture cycle the film is 
stationary about three-fifths of the time 
and in motion the other two-fifths; 
i.c., at 200 frames/sec the film is station- 
ary 3 msec and in motion 2 msec. 
At the end of the NE-16 neon glow 
lamp, a disk 5 in. in diameter may be 
seen, that is split in half. These halves, 
separated by about ,', in. glow singu- 
larly on the negative pole. If the lamp 
is oriented so that the image of the split 
is parallel! to the direction of film motion, 
these two half electrodes form image 
paths on film that do not overlap, and if 
one of these electrodes were glowing 
steadily during a camera run, a pattern 
as shown in Fig. 4 would be produced 
after processing. Now, if the voltage 
polarity to the lamp electrodes were 
reversed electronically, this 
“switch” would produce a unique image 
pattern on film. The pattern is un- 
mistakably different when the change 
occurs at different times during the ex- 
Assuming the camera to 
be running at 200 frames/sec, Figs. 5a, 
5b, 5c, 5d and 5e represent consecutively, 
in 1-msec increments, the distinctly 


suddenly 


posure cycle, 


Blake: 


different patterns produced by the 
“switch” occurring at zero time (picture 
time) or any of the one-fifth segments 
thereafter. 

The image pattern produced by a 
single polarity change records only an 
event time as received from an outside 
pulse. To determine the exact frame 
rate so that a base time scale can be 
laid down for consecutive picture frame 
evaluation, the lamp is switched back 
to the original polarity after a_pre- 
determined interval. One-tenth of a 
second was chosen as 
There is nothing compelling about this 


appropriate 


selection except that the time duration 
had to be short enough for the Fastax 
with a continually changing frame rate 
and not too long for the slower intermit- 
tent camera, because this would entail 
too large a frame count, 

The number of frames and fractions of 
frames can now be counted to determine 
the exact frame rate at event time, For 
example, if the leading end of the “tlip- 
flop” pattern were as in Fig. 5b and the 
trailing end as in Fig. 5a with 18 full 
frames in between, then $ + 18 + 1 = 
19.8 frames in yy sec; which is 198 
frames/sec, hence it takes 1000/198, 
or 5.05 msec per frame. 

The question may arise at this time as 
to whether or not a single lamp being 
switched off at event time for 5 sec 
could produce the desired code pattern. 
Earlier tests showed such a scheme would 
work but not with the assured accuracy 
that results from comparing two image 
ends in a “flip-flop” pattern, This com- 
parative image, time selection, is used to 
the greatest advantage with Kodachrome 
film when evaluating the pattern change 
proximity of the film stationary seg- 
ment of a picture cycle. This is be- 
cause any variation of exposure that 
produces density changes in the de- 
veloped image is more obvious when 
judging two images side by side. An 
isolated one can be judged, but it is less 
expedient when evaluating an event to 
determine whether it occurred before, 
during, or after a specific picture record, 

Making use of two NE-51 glow lamps 
was also considered, but space limitations 
thwarted this approach to the problem. 
This narrowed the selection of a glow 
lamp down to the applicable electrode 
design of the NE-16 lamp. 

This Duplex Timing System un- 
doubtedly will also operate with con- 
tinuous film flow cameras like the Fastax 
up to 500 frames/sec for Kodachrome 
and at least 2000 frames/sec for black- 
and-white film. As mentioned before, 
the cylindrical lens would have to be re- 
placed by a small, short focal length, 
achromat lens to produce a_ sharp 
image on the film because a sharp break 
in the motion-blurred image is needed to 
divide it linearly into segments between 


picture frames. The image can be put 


on the film at the same place as the stand- 
ard installation, i.c., 5 frames ahead of 
the picture being exposed, 

Several frans rates of the continually 
changing film speed rate of the 16mm 
Fastax were studied. ‘The greatest frame 
rate change in yy sec was found to be 
about 2%, which is within the accuracy 
usually required of such a timing system, 
Chis, of course, gives the average frame 
rate only during the measured ,\, sec fol- 
To obtain a 
time scale for events of greater duration, 


lowing the event signal, 


control box could be 
It could have a 
continuing “flip-flop” cycle of yy sec. 


the electronic 
changed accordingly. 


Electronic Controlling Equipment 


The scope of this paper does not in- 
clude any comprehensive description 
of the electronic control of the timing 
lamps, but it will be briefly described. 

110-v, d-« 
NE-16 neon glow lamp through a series 
intensity, 


power is applied to the 
resistor that controls the 
The polarity of the voltage to the lamp 
is reversed almost instantaneously (within 
a few microseconds) by means of a 
switching amplifier which in turn is 
driven by a single-shot multivibrator. 
his multivibrator is set to yy sec dura- 
tion, and tests have shown that it is pos- 
sible to obtain this value to within 2°; 
accuracy. 


Film and its Limitations 


To obtain the timing-lamp images 
and particularly the motion blur during 
the 2 msec of film transportation time on 
Kodachrome, it was found necessary to 
overload the lamp to 17 ma when run- 
Traid-200 camera at 200 

(The time increment be- 


ning the 
frames /sec, 
tween two frames in the Fastax at 500 


is also 2 msec.) 


frames, se¢ Concur- 
rently, the prism lens was designed for a 
speed of {/1 so that as much brightness as 
possible is projected onto the film, 
When using black-and-white film, the 
power for the lamp is reduced to 7 ma to 
prevent overexposure, Switches are in- 
stalled on the electronic control box to 
permit the correct light-intensity selec- 
tion for the film used in each camera, 
There is one precaution to be noted 
at this time, Daylight-loading, 100-ft 
spools of 16mm motion-picture film are 
not quite daylight-loading for this pur- 
It was found that when loading 
the cameras in subdued daylight, the 
edges of the film (particularly black-and- 
white) were fogged at least half way 
into the spool in a path averaging about 
gg in. wide, This interfered with the 
Duplex code path. By loading the 
cameras in the darkroom with a Wratten 
Series OA safelight, this handicap is 


pose. 


overcome, 


Conclusions 


Phe Duplex Timing System has proven 
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to be an accurate method of correlating 
time among several independent cam- 
eras, It will produce a time resolution 
of +1 msec and give a ground correla- 
tion or “event” time. It is simpler, 
lighter and more economical! than other 
systems used to this date. 

The Douglas Aircraft Co. has applied 
for a patent on this device, and the 
Traid Corp. is currently manufacturing 
it under a license agreement. 


Discussion 

Anon (Edwards Aw Force Base): In the timing 
system where you had lamps oriented in a cir- 
cular bank that reflected off an annular mirror 
and thus back through the objective lens, what 
arrangement was made for determining time 
when the shutter was closed? 

Mr. Blake: This circular bank of neon lamps 
is photographed simultaneously with each field 
picture. The shutter merely samples time at the 
same instance as the field picture exposure 
By referring to a glossary of the lamp flashing 
pattern, the time of picture exposure can be 
determine 1, 


Anon (EAFB): What happens to time in 
between pictures? 

Mr. Blake: The lamp time clock being con- 
tinuous, it is only necessary to sample it photo- 
graphically at intervals 

Mark MacIntosh (Traid Corp.): In referring to 
the diagram showing the one-fifth segments of an 
exposure cycle, I would like to know whether at 
100 frames/sec these segments become 2 msec 
long? 

Ur. Blake: Yes, they would. The accuracy of 
the Duplex Code has the resolution of at least 
one-fifth the reciprocal of the frame per second. 
At 200 frames/sec this becomes 1 msec, and at 
16 frames/sec, one eightieth of a second. 


motion-picture standards 


Proposed American 
Standard PH22.100 


A Proposed American Standard, 
Sereen Brightness of 16mm Laboratory 
Review Rooms, PH22.100, is published 
on this page for the 
period of trial and criticism. Comments 


three-month 


should be sent to Henry Kogel, Staff 


Engineer, prior to April 15, 1955. If no 
adverse comments are received, this 
proposed standard will then be submitted 
to the ASA Sectional Committee on 
Cinematography, PH22, for further proc- 
essing a8 an American Standard 

Some four years ago, the question was 
raised of standardizing the screen bright- 
ness of sereens used in film processing 
laboratories when reviewing the quality 
of 16mm prints prior to shipping. Since 
then, surveys were conducted on existing 
field conditions and several different 
standards were drafted and voted upon 
by letter ballot by the Laboratory 
Practice and Sereen Brightness Com- 
mittees, but without obtaining — the 
necessary unanimity of opinion. Two 
opposing views crystallized early: the 
majority held forth for and demon- 
strated the technical desirability of a 
screen brightmess range of 9-14 ft L 
(the 35mm _ standard) whereas the 
minority proposed on a range of 5-10 ft L 
to permit certain limited projection con- 
ditions to fall within the range of the 
standard, The present proposal was an 


acceptable compromise to both groups. 


Proposed American Standard 


Screen Brightness of 16mm Lab- 
oratory Review Rooms 


ASA 


Reg. U.S. Pas. OF 


1. Scope 


1.1 This standard specifies the brightness of screens used in the projection 
of 16mm motion-picture prints in laboratory review rooms. 


2. Screen Brightness 


2.1 The brightness at the center of a screen for viewing 16mm motion pic- 
tures in laboratory review rooms shall be 10 + 2 foot-Lamberts when the 
projector is running with no film in the gate. 


This draft was approved, almost unan- 
imously, by the Screen Brightness, 
Laboratory Practice and Standards Com- 
mittees with the exception of one nega- 
tive vote from a member of the Labora- 
tory Practice 


Three new American Standards of in- 
terest to SMPTE members are now avail- 
able from the American Standards Associa- 
tion at 70 BE. 45 St., New York 17: 


NOT APPROVED 


(1) American Standard Method for 
the Free-Field Secondary Calibration of 
Microphones, 724.11-1954. 

(2) Method for Indicating the Stability 
of the Images of Processed Black-and- 
White Films, Plates and Papers, PH4.12- 
1954 (Revision of 738.8.17-1948). 

(3) Methods and Criteria for Deter- 
mining the Chemical Resistivity and Photo- 
graphic Inertness of Constructional Mate- 
rials for Processing Equipment, PH4.13- 
1954. 
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news and 


77th Convention 
Program 


Special plans for the Spring Convention, 
to be held at the Drake Hotel, Chicago, 
April 18-22, include one or more sessions 
on Nontheatrical Motion Pictures and a 
Symposium on Screen Brightness. 

Ihe Convention Papers Programs are 
organized under the Society’s Editorial 
Vice-President, an office now held for.a 
second term by Norwood L. Simmons. 
Newly appointed Papers Committee Chair- 
man is Ralph E. Lovell who is listed below, 
along with his Committee Vice-Chairmen 
The procedure in recent years has been 
that the Vice-Chairman in a given area 
becomes the Program Chairman when the 
Convention is held in his area 

Any member or interested person is wel- 
come to suggest papers, groups of papers or 
symposiums they would like to see on Con- 
vention Programs. Write to Society Head- 
quarters or to any of those listed below 
The complete roster of the Papers Com- 
mittee for 1955 is not now available. It will 
be published in April, when the roster of all 
Society Committees is published. Present 
officers of the Committee and for this Con- 
vention are: 


Ralph E. Lovell, Chairman, 2554 Prosser 
Ave., Los Angeles 64, Calif. 


C. E. Heppberger, 77th Program Chairman, 


231 North Mill St., Naperville, [IL 


J. E. Aiken, Vice-Chairman, 116 N. Galveston 
St., Arlington 3, Va. 
S. W. Athey, Vice-Chairman, General Pre- 


cision Laboratory, 47 Ossining Rd., 
Pleasantville, N. Y. 


Arthur C. Blaney, Vice-Chairman, Radio 
Corp. of America, 1560 N. Vine St., 
Hollywood 28, Calif 


John W. Ditamore, Chairman, Nontheatrical 
Votion-Picture Papers Committee, 822 N. 
Grant St., West Lafayette, Ind. 

G. G. Graham, Vice-Chairman, National 
Film Board of Canada, John Street, 
Ottawa, Canada. 


Fred J. Kolb, Jr., Chairman for Symposium 
on Screen Brightness, Manufacturing Ex- 
periments Div., Bldg. 35, Kodak Park, 
Rochester 4, N.Y 

Richard O. Painter, 77th Program Chairman 
for High-Speed Photography, 738 East 
Liberty St., Milford, Michigan 


H. Waddell, Vice-Chairman, Wollensack 
Optical Co., 850 Hudson St., Rochester 
21, N. Y. 


— 


Two especially important regions which 
preduce convention papers have long been 
served by special efforts by these Paper 
Committee Members: 


Glenn E. Matthews, Eastman Kodak Co., 
Kodak Research Laboratories, Kodak 
Park, Rochester 4, N.Y 

Walter L. Tesch, Product Manager, Film 
Recording, Radio Corp. of America, 
Camden, N.J. 


The Nontheatrical Motion-Pictures special 
aspect for this Convehtion has grown out of 
suggestions made by Philip A. Jacobsen, 
Technical and Research Director of the 
Motion Picture Unit at the University of 
Washington at Seattle. The Committee 
plans to obtain papers on educational, busi- 
ness and industrial films and their produc- 
tion. Three who are serving especially on 
this Committee with Mr. Ditamore are: 


Herbert E. Farmer, Dept. of Cinema, Uni- 
versity of Southern California, Los 
Angeles, Calif. 

John Flory, Adviser, on Nontheatrical 
Films, Eastman Kodak Co., 343 State 
St., Rochester 4, N.Y. 

Kenneth M. Mason, Eastman Kodak Co., 
137 North Wabash Ave., Chicago 2, III. 


Phe Society’s Screen Brightness Committee 
(p. 330 of the April 1954 Journal) will sup- 
port Chairman Kolb for the Symposium. 


engineering 
activities 


SMPTE Engineering Committee activities 
are, for the most part, conducted by 
correspondence; the wide geographical 
dispersal of committee members makes it 
rather difficult to hold frequent committee 
meetings, The semiannual Society Con- 
vention, drawing together a _ scattered 
membership as it does, is a most opportune 
time for the committees to mect for a more 
direct exchange of ideas 

Nine enginecring committees, as well as 
the ASA Sectional Committee on Cinerna- 
tography, PH22, met at the Hotel Ambassa- 
dor in Los Angeles, concurrent with the 
76th Convention, during the week of 
October 18, 1954. Below, in capsule form, 
are presented the major deliberations and 
conclusions of these ten meetings: 


Color 


Various aspects of the taking and pro- 
jecting of color motion pictures are under 
serious study by subcommittees formed to 
report on specific problems. H.W, Knop 
and W. R. Hoim, Chairmen on two sub- 


reports 


committees, one on Projection Light 
Sources and Screens for Color Films and 
the other on Elements of Color Motion 
Pictures, reported progress in the prepara- 
tion of monographs on these subjects. 
Plans for activating the subcommittees on 
Spectral Energy Distribution of Photo- 
graphic Illuminants and on Standards of 
Light Quality in Color Film Projection 
were reported by the Chairmen, M. A 
Sweet and A. M. Gundelfinger, respec- 
tively. 


Film-Projection Practice 


Three American Standards, 35mm Reels 
(722.4-1941), Theater Screen Dimensions 
(Z22.29-1948) and 45mm Sprockets 
(Z22.35-1947), were reviewed and agree- 
ment reached to begin revision of these 
three standards. In addition, plans were 
made to establish a subcommittee to collect 
and study all available information on 
devices and methods for reducing the tem- 
perature of film in the projector aperture. 


High-Speed Photography 


Progress was reported on preparation of 
a glossary of terms used in high-speed 
photography. Plans for future  inter- 
national high-speed symposia were noted 
and preparations were made for a supply of 
high-speed photography papers for the 77th 
Convention. The desirability of a com- 
mittee newsletter to keep the members 
abreast of activities concerning one an- 
other was discussed and approved, The 
Chairman will issue such a newsletter when- 
ever circumstances warrant. 


Laboratory Practice 


Revision of three American Standards, 
16mm Contact Printing Aperture (722.48- 
1946), 35mm Reel Prints (722.55-1947) 
and Laboratory Nomenclature (222 
1947), was initiated. Committee con 
sideration on PH22.41, Photographic Sound 
Record on 16mm Prints, was terminated 
with the recommendation that it be sub- 
mitted to the Standards Committee for 
further processing as an American Stand- 
ard. Proposals for standards on (1) edge- 
cuing of printer light changer and (2) 
printer aperture for CinemaScope were 
discussed and plans were made to initiate 
standardization. 


Screen Brightness 


Reports were heard from two subcom- 
mittees studying (1) unbalance in sereen 
illumination and (2) screen brightness of 
drive-in theaters. The main discussion 
centered about these reports and plans for 
continuing these studies. Final arrange- 
ments were made for a Screen Brightness 
Symposium to be held at the next Conven- 
tion in Chicago during the week of April 
17, 1955 
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16 & 8mm Motion Pictures 


Changes in five American Standards 
were given serious consideration: 16mm 
Camera Aperture (Z22.7-1950); 16mm 
Projector Aperture (Z22.8-1950); 16mm 
Double Perforated Film, Usage in Camera 
(Z22.9-1946); 16mm Double Perforated 
Film, Usage in Projector (722.10-1947); 
and 8mm Reels (Z22.23-1941). The first 
two of these involved edge-guiding. Based 
on a recent study by Messrs. Chandler and 
Lytnan, agreement was reached to ballot 
the full committee on revision of these two 
standards. ‘The next two were concerned 
with rate of 16mm silent film travel through 
the camera and projector Now that 
magnetic striping seems likely to be em- 
ployed widely, 16mm 


“silent’”’ projectors 


are not necessarily silent Action on these 
two standards, under consideration for the 
last two years, was finally concluded and 
reviwed drafts are to be submitted to the 
Standards Committee for further process- 
ing Proposed revision of the 8mm reel 
standard was approved for letter ballot of 
the full committee. In addition, further 
study of a test film for 8mm _ projectors 
and standardization of a l6mm reel was 
initiated 


Sound 


Iwo test film standards, 35mm Sound 
Focusing (Z722.61-1949) and 35mm Buzz 
Track (222.68-1949), were reaffirmed with- 
out change and are to be submitted to the 
Standards Committee for further process- 
ing. In addition, exploratory talks were 
held on standardization of perspecta 
sound, the status of studies on the absolute 
measurement of magnetic level was re- 
viewed and the quality of the existing four- 
track CinemaScope test film was investi- 
gated and found adequate. 


Magnetic Recording Subcommittee 

One proposed standard, 35mm Magnetic 
Azimuth Checking Test Film, was with- 
drawn since this specific test film is no 
longer needed. A new proposal was ini- 
tiated establishing the separation between 
the picture and corresponding sound for 
l6émm film employing magnetic sound 
recording. A report was made on the 
status of the studies made by the Navy on 
the absolute measurement of magnetic 
level; this report is to be distributed to all 
members of the Plans 
were made for the production of some ex- 
perimental footage of 16mm azimuth test 
film of the 1000-pulse, 140-ysec dimension 
variety This film is to be distributed to 
the committee for consideration as a desir- 
able method of setting azimuth. 


subcommittee. 


Television 

This group was primarily concerned with 
concluding the arrangements for the pro- 
duction of a test film and test slides for 
color television. Every effort is being made 
to make this test material available within 
the first few months of 1955 
PH22 

This meeting was called for the purpose 
of reviewing the status of the international 
standardization program and to establish 
the United States position as to the partici- 
pation in and calling of a special meeting of 
ISO/TC 36 Committee on Cinematoe- 


raphy for June 1955. The conclusion was 


reached that the United States would not 
request the arrangement of such a meeting 
by ASA as Secretariat for the ISO com- 
mittee but would cooperate in the forma- 
tion of a delegation to attend a meeting, if 
there is sufficiently widespread interest on 
the part of the other members in having 
one called 


Internationa! Standardization 

The ASA, as Secretariat, canvassed the 
members of ISO/TC 36, Cinematography 
regarding their interest in participating in a 
June 1955 meeting. The response was over- 
whelmingly in favor and it was therefore 
decided to call a meeting of this committee 
in Stockholm, Sweden, sometime during 
the period of June 6 to 18, 1955. Prepara- 
tions are now being made to form the 
United States delegation and to establish 
the items the United States would like to 
have on the agenda.—Henry Kogel, Staff 
Engineer. 


Biographical Note 


Dr. Alexander Ernemann, General 
Manager of Zeiss Ikon A.G., has just 
celebrated the completion of his fiftieth year 
in the motion-picture industry. When 
Dr. Ernemann went to work in his father’s 
factory in 1904, 17.5mm film with cen- 
ter perforations was in use and _ projec- 
tors were of brass with wooden housing. 
Ernemann early traveled to the U.S. and 
as a result of experience gained on his 
travels began to manufacture an all-metal 
projector, the Ernemann Imperator, which 
continued to be a standard projector until 
well after the First World War. 

In commercial cooperation with Krupp, 
of Essen, Ernemann put out the first 
German sound film projector in 1925. 
Since 1926, when the firm of Zeiss Ikon 
A.G. was organized, he has been asso- 
ciated with that company, year after 
year bringing out his numbered series of 
Ernemann projectors. The latest of these 
to appear from the Kiel plant, to which 
Zeiss Ikon moved from Dresden after 
World War II, is the Ernemann X, 
which incorporates a magnetic sound 
reproduction unit. 


section reports 


The Central Section held its last meeting 
of 1954 on December 13 in the United Air- 
lines building at Midway Airport. Approxi- 
mately 100 people listened to J. E. Sandow, 
Chief of Flight Training at United Airlines, 
discuss the operation of the Dehml training 
unit for training airline pilots. This appa- 
ratus constructed by Douglas provides very 
impressive simulated flight for pilot training 
along with all possible emergency situations. 
Actual demonstration of the training unit 
was conducted by two United Airlines 
pilots. Coffee and doughnuts were served 
following the meeting. 

At the pre-meeting Board of Managers 
session, the three new managers recently 
elected in the Central Section were wel- 
These are: D. W. Ridgway, En- 
cyclopaedia Britannica Films; R. G 
Herbst, Bell & Howell Co.; and J. C 
Diebold, Wilding Picture Productions. 
Preliminary plans for the 77th Semiannual 
Convention in Chicago were discussed — 
Kenneth M. Mason, Secretary-Treasurer, 
c/o Eastman Kodak Co., 137 N. Wabash 
Ave., Chicago 2. 


comed 


The Southwest Subsection election re- 
sults have been announced by [. L. Miller, 
with the following officers elected for 1955 
and Managers for 1955-56: 

Ernest D. Gaw, Chairman 

Orville H. Mills, Secretary-Treasurer 

Bruce Howard, Manager 

Wm. H. Carter, Jr., Manager 


The Theory of the Photographic 
Process, Revised Edition 


By C. E. Kenneth Mees. Published (1954) 
by Macmillan Co., 60 Fifth Ave., New 
York 11. i-x + 1133 pp. 416 illus. 6 X 9 in. 
Price $21.50. 


The long awaited revision of this stand- 
ard reference work has now appeared, and 
it is evident that this much used contribu- 
tion to the photographic literature has been 
greatly extended, with a thorough cover- 
age of the intervening 12 years since origi- 
nal publication, All chapters and sections 
have been thoroughly rewritten and in 
general improved, in part due to the fact 
that the information available is more com- 
plete at present. New chapters have been 
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AVENUE, NEW YORK 


Westrex Editer equipped for magnetic 
and photographic sound tracks, 3-3/4" 
x 5” translucent screen shows bright, 
clear picture. 


The basic Westrex Editer, for 
use with film strips—vertical 
film handling method — faster 
and more practical. 


The Westrex Editer features ‘projection viewing’ 
on wall or screen without disturbing the adjust- 
ments of the normal optical system. 


© FINEST FILM EDITING MACHINE FOR STUDIOS EVERYWHERE 
¢ WINNER OF AN ACADEMY AWARD FOR SCIENTIFIC OR 


TECHNICAL ACHIEVEMENT 


Designed and engineered by the Westrex Hollywood 
Laboratories — in cooperation with leading studios — the 
new Westrex Editer is an advanced machine that meets 
every film editing need. 


The Westrex Editer can handle both standard and the 
new small-hole perforated 35mm films — film strips — 
motion picture films — magnetic or photographic sound 
films (single or multiple) —composite release prints—and 
for the first time it makes possible “projection viewing” 
of an enlarged image on a wall or screen without extra 
attachments. 


The Westrex Editer is quiet in operation — no inter- 
mittent, hence less noise and less film damage — speedy 
and efficient. Among its advanced features are simplified 
threading — automatic fast stop— synchronization while 
running—improved sound—lower flutter. 


The Westrex Editer—available in 35mm model — is 
the latest in a long line of notable Westrex contributions 
to the motion picture industry. A new illustrated folder 
that describes in detail its many technical and operating 
advantages is yours for the asking. 
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| 
Research, Distribution and Service for the Motion Picture Industry 


included on such subjects as the latent 
image produced by x-rays, the sensitometry 
of color films and papers, and the effects of 
charged particles on photographic emul- 
sions. The wealth of new material, in addi- 
tion to whole new sections, has made it 
necessary to omit some of the historical ma- 
terial and to delete the chapter on the 
Photographic Aspects of Sound Recording 
Motion-picture engineers will miss this, 
but more detailed specialized references are 
available, and it is not of as general interest 
as the rest 

Since this book is expensive, it is impor- 
tant for motion-picture engineers to realize 
how useful it is, and why it is well worth 
acquiring 

The book is well described by Dr. Mees 


ee 


in his preface to the first edition, reprinted 
in this edition, in which he says ““The pur- 
pose of this book is to provide a general 
handbook of the subject as a guide to the 
literature and a summary of its conclu- 
sions.” As an annotated bibliography 
covering practically the entire literature of 
the science of photography, this book is 
unique and could only be produced by a 
man having access to the tremendous labo- 
ratory personnel of the Kodak organiza- 
tions. As far as its impact upon the science 
of photography is concerned, it is probably 
the most valuable contribution Dr. Mees 
has made. When it is realized that this 
reference work gives the general conclusions 
of all theoretical and much practical work 
in the whole science of photography, and 


Hunt Chemicals for both 
color and black and white motion picture processing 
conform to the photographic specifications 
of the American Standards Association. 


FOR RESEARCH ASSISTANCE WRITE TO: 
THOMAS T. HILL, Director Photographic Research 


FOR TECHNICAL SERVICE WRITE TO: 
CHARLES F. LO BALBO, Motion Picture Technical Advisor 


Established 1909 


PHILIP A. HUNT COMPANY 


Manufacturing Chemists 


PALISADES PARK, WN. J. 


Brooklyn, N. Y. + Cambridge, Mass. + Chicago, Ill. 
Cleveland, Ohio + Dallas, Tex. + Los Angeles, Calif, : 


then refers to the original literature for 
more details, it will be realized how impor- 
tant and useful it is to have constantly avail- 
able. The omissions are few and far be- 
tween; mostly of late data which became 
available after some particular parts of this 
book were completed. The volume is a 
treatise in the strict sense, usable as an 
encyclopedia, but of course it does not give 
the complete story on each subject, which 
would be impossible in this small compass. 
It is obvious that it cannot be read casually, 
but must be read with thought and atten- 
tion. The well over 2100 references give us 
the chance to go to the original data to 
form our own conclusions, helped of course 
by Dr. Mees’ experienced comments. 

The great quantity of new material added 
in this edition is evidence of the fact that all 
phases of the science of photography have 
been actively studied during this period. 
There are yet cases where the review must 
state, as on Page 530, “‘No general agree- 
ment on the mechanism of development has 
been reached,” after the several possible 
mechanisms are dealt with in adequate de- 
tail for most purposes; where further data 
are needed an exhaustive study such as that 
of James & Higgins or the original papers 
can be obtained. 

As a text book, this volume will be neces- 
sary in schools teaching any aspect of the 
science of photography, but of course it is 
a reference text only since it is not intended 
as an instructional manual. It differs from 
other works covering much the same 
ground such as those of Clerc, Mack and 
Martin, and others which cover a little of 
the theory and a great deal of the practice. 
Here very little practice is to be found. 

A few very recent items might be men- 
tioned for those who wish to know how late 
the coverage is. For instance, there is no 
reference to the work of Andre Rott and his 
diffusion-transfer reversal processes and 
little mention of combined developer-fixer 
solutions. The recent work of Dr. Lu Valle 
in photographic theory and analysis of solu- 
tions has been available too recently to in- 
clude. There is only slight mention of the 
pyrazolidones, which are now the subject 
of so much activity, and no mention of a 
few new developing agents such as 8-Hy- 
droxy 1,2,3,4 Tetrahydroquinoline, nor of 
the work of such groups as that under Dr. 
MacDonald on various aspects of photo- 
graphic resolution and image sharpness. 
The obvious omission of data on emulsion 
making is explained in the preface as refer- 
ring to data he is not entitled to publish 
with frankness. 

It is a pleasure to see the full credit given 
to the original workers and authors of pa- 
pers to which Dr. Mees refers, and also his 
acknowledgment of the help given him by 
the members of his own organization whose 
names are now given in the table of con- 
tents, with reference to the chapters which 
they specifically contributed. In general, it 
is a remarkably complete and useful book, 
full of information for any engineer or 
scientist working in photography. Its use- 
fulness as a reference is helped by the frank- 
ness with which Dr. Mees expresses his own 
opinions, in contradistinction to those of 
the authors to whom he refers. 

The investment in this book is high!y 
recommended not only to laboratories and 
libraries, but to the individual worker who 
will seldom find so much information avail- 
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Photographing and printing composite and stationary matte shots 


The Printer is readily converted to project an 
image of the master positive on a matte board. 
After painting the matte and threading dupli- 
cating negative raw stock in contact with the 
master, the printer is then used as a camera 
which selectively prints that portion of the 
master positive print that is desired. By sub- 
stituting a painted scene at the matte board, and 
removing the master positive, a composite 
duplicating negative is made. 

MOVEMENT: A stationary register pin Acme 
film movement, equipped with a removable back 
plate, readily converts the movement from a 
projector to a camera, or printer, type film 
movement. Because of the stationary register 
pin construction, positive film registration is 
attained regardless of the direction of travel. 
SHUTTER: An automatic dissolve produces 
fades of six different lengths. Either a sine or a 


ACME CAMERA CORPORATION 


Designers and Manufacturers of 
Specia: Effects Motion Picture Equipment 


linear Stecntring action may be obtained by 
pre-setting the dissolve dial. 


CAPACITY: Two 1000-ft. rolls of processed 
stock and one 1000-ft. roll of raw stock. A 
film matte, the master positive and the raw 
stock will operate in the ma- 
chine. 


POWER: Ten separate speeds are provided, with 
both continuous and stop motion action at all 
speeds. 


BASE: Four feet of camera travel is accomplished 
with a hand wheel and the camera's position is 
indicated on a counter, enabling exact duplica- 
tion of location. 


Complete technical information will be furnished 
on request, 


Leased by PRODUCERS SERVICE CO. 


2704 West Olive Avenue, 
Burbank, California 
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able in such a short space; information 
which it will take him a very long time to 
asimilate.--Thomas T. Hill, Director, 
Photographic Research, Philip A. Hunt 
Co., Palisades Park, N.J. 


Staging TV Programs and 
Commercials 


By Robert J. Wade. Published (1954) by 
Hastings House, 41 E. 50 St., New York 
22. 232 pp. 100 illus. 64) XK 9} in 
$6.50 


As in his previously published books on 
related subjects in the field of television 
production, Mr. Wade's concentration on 
the practical aspects of his trade results 
in a highly readable volume which is 
sure to become the standard reference work 
in solving the physical staging probiems 
of “live” TV programming 

Ihe attention to specific detail is one 
of the book’s principal qualities, and it 
is evident in its careful planning and 
intelligent approach The illust: ations are 
of the widest variety, running from stills 
to diagrams, floor plans, blue prints and 
cartoons 

Ihe body of the text serutinizes the 
kindred activities of TV staging, dissecting 
in turn production facilities, scenic de- 
sign, construction and painting, lighting, 
props, graphics, and special effects, An 
index and a suppliers’ list round out this 
most informative work.—George L. George, 
Sturgis-Grant Productions, Inc., 322 E 
44 St., New York 17 


Mixing, branching 
corrective loss 
networks. Write 
for catalogue on 


your letterhead. 
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The Television Commercial 


By Harry Wayne McMahan. Published 
(1954) by Hastings House, 41 E. 50 St., 
New York 22. 192 pp. 109 illus. 6) X 
9} in. $5.00. 


In the highly competitive field of tele- 
vision “spot” advertising, efficiency of 
production is the basic asset of success. 
Mr. McMahan’s experience in _ this 
specialized domain has led him to write 
a most practical book devoted to this 
subject, which both producers and users 
of TV commercials will welcome. 

After listing the five production tech- 
niques available for TV film spots, (i.¢ 
cartoon, live action, stop motion, puppets, 
photo animation), the author examines 
each one in detail from the points of view 
of the product involved, the selling angle. 
and the financial cost, 

The discussion of these various problems 
is lively, often provocative, and always 
well informed, with a striking use of stills 
from actual “spots.”-——George L. George, 
Sturgis-Grant Productions, Inc., 322 E. 
44 St., New York 17. 


Introduction to 3-D 


By H. Dewhurst. Published (1954) by 
The Macmillan Company, 60 Fifth Ave., 
N.Y. xv + 152 pp. 57 illus. 5} X 
84 in. Price $4.50. 

It is very difficult to evaluate this volume 
objectively. The sentence structure is 
so tortuous that it frequently succeeds in 
obscuring the meaning. 


CINEMA ENGINEERING CO. 


DIVISION AEROVOXK CORPORATION 


1100 CHESTNUT ST. - BURBANK, CALIF. 


From page 10: “Regarded on its own 
merits as an isolated factor amongst those 
which we have classed as monocular, 
accommodation probably plays but a 
small part in supplying crucial information 
in the sum total of that upon which the 
brain arrives at its synthesis of depth 
awareness from the evidence of the various 
factors received.” If you are puzzled 
by this, it probably means: 


‘ 


‘Accommoda- 
tion seems to be only a minor factor in 
depth awareness.”’ The latter is eleven 
words long as against fifty-three in the 
text. 

On page 12: “In essence we are stating 
that in seeking a suitable definition of 
the word, our immediate purposes are 
served if we regard ‘perspective’ as the 
drawing-in of the intersection of all light 
rays from the scene to the eye upon a 
plane at right angles to the center line 
of sight, and we have seen that the perspec- 
tive of the elements within a scene will be 
different if the distance of this plane from 
the eye or lens be changed.” 

This, besides being an example of style 
of writing, also lacks technical preciseness, 
to the point of obscurity. Does a perspec- 
tive have to be on a plane at right angles to 
the center line of sight? If the eye does 
not move nor the scene change, a sheet of 
glass placed anywhere between the two will 
not alter the perspective one iota. Yet the 
quoted statement says that the perspective 
will be different if the position of the picture 
plane is changed 

These random examples —- any page will 
yield others — should illustrate the difficulty 
of reading the book with any degree of 
pleasure or of certainty as to meaning. 

From the stereoscopic point of view the 
author seems to me to accept too many of 
the standard notions about three-dimen- 
sional pictures without critically question- 
ing their validity. The following para- 
graph (from p. 40) is the heart of the 
matter : 

“The inescapable geometrical require- 
ments of a satisfying projection, whatever 
the viewing-aids, projection methods and 
individual projection systems may be that 
are employed, are four in number. Firstly, 
let us state these, and afterwards examine 
how they are to be achieved. They are: 
(i) the prevention of too severe a departure 
from the convergence accommodation 
ratios that we are accustomed to in normal 
vision; (ii) the prevention of ‘divergence,’ 
that is to say, a splay-out of the ‘infinity 
points’—to be explained in a moment; 
(iii) the establishment on the sereen, or 
rather ‘in’ the screen, of a definite ‘window,’ 
with well-defined and merging  side- 
borders, through which the three-dimen- 
sional reconstructed scene is more often 
than not to be viewed; and (iv) the avoid- 
ance of too marked a departure, in the 
viewed image, from that natural depth 
which is associated with the original scene. 
Let us take these four requirements in order 
and see what they imply.” 


Note to begin with that we are getting 
“inescapable geometrical requirements of a 
satisfying projection.”” That is, physical 
requirements for an aesthetic reaction. 
These, therefore, are not the requirements 
for an orthostereoscopic image but for a 
satisfying image. 
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16 has become the most wanted 16mm camera in 
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® It is equipped with registration pin assuring abso- 
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® A built-in electric motor drive permits uninter- 
rupted filming—no need to stop and wind a spring. 


® By employing a diverging turret, 3 lenses from 


For complete information concerning Arriflex 16mm and 
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zine, etc. Its extreme compactness and light weight 
(only 7% Ibs. with Matte Box) makes it also ideally 
suited for hand-held shooting. 


The quality, performance, and exclusive features of 
the Arriflex 16 have created a great demand for 
this camera. To assure earliest possible delivery, we 
strongly urge you to place your order now. And 
even though there is some delay, remember . . . the 
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for an orthostereoscopic image but for a 
satisfying image. 
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I have no quarrel with (i), Eye-strain 
is never satisfying. 

I do quarrel with (ii). Most of us in- 
volved in stereo projection accepted this as 
gospel until the recent Hollywood splurge 
in 3-D. It has become quite clear, how- 
ever, that most eyes will comfortably 
tolerate much more divergence than was 
hitherto suspected. Divergence adds depth. 
To some persons depth is “satisfying.” 
Though much more experimentation is 
needed in this area, “prevention of di- 
vergence” is certainly not an “inescap- 
able geometric requirement’”’——assuming, of 
course, that prevention could be a geo- 
metric requirement under any condition. 

I disagree with (iii), Of course a sharp 


window with well defined borders is, in 
the present state of the art, the best way to 
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handle the edges of a stereo picture, but 
there is nothing inescapable about it. If 
Cinerama were made stereo, a fading off at 
the edges might prove better. Certainly 
there is no reason at all that the window 
should be ‘in’ the screen. When the screen 
texture becomes really invisible, the specta- 
tor cannot locate the screen at all and the 
window may be in front or behind the 
screen so long as, in general, it remains in 
front of objects in the scene. Further- 
more, a window built into the scene itself 
provides an excellent solution, as the author 
himself admits only three pages later. 

I disagree with (iv) completely. It is 
on this score that I would quarrel with most 
current stereo literature. Spottiswoode in 
general falls into the same trap. Of course 
it is of great importance to know the ge- 
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ometry of obtaining a stereo image which is 
exactly the size, shape and location with 
respect to the eyes as the original scene. 
But to state that this is an “inescapable 
geometrical requirement of a satisfying 
projection” is not only sheer nonsense, but 
it at once destroys any possibility of treat- 
ing stereo as an art. 

Pictorial art in all its forms is the process 
of altering reality to make it aesthetically 
more meaningful or, if you will, more 
satisfying. Under certain conditions ex- 
aggerated depth is far more satisfying than 
the original — under others, flattened 
depth. Certainly the ability to alter shape 
and location is the heart and soul of stereo’s 
creative, artistic possibilities. The diffi- 
culty of obtaining accurate reproduction 
may be a defect where you must have 
accurate reproduction. However, we should 
keep forever before our eyes that the 
true future of stereo lies in its ability to 
remold spatial reality. Let us abandon 
this obsession with true shape and at least 
begin to explore the aesthetic possibilities 
of the various possible departures from it. 

On the same score, the author assumes 
as Spottiswoode does that giantism and 
miniaturism are, per se, bad. In some 
circumstances they are, but in others quite 
the contrary may be true. They are tools 
in the photographers kit that may be used 
effectively under proper conditions and 
should be viewed as such. 

After developing the theory of stereo 
photography and projection, the author 
surveys all the current systems and their 
resulting equipment. This yields a valuable 
picture of the various mechanical devices 
in existence for solving stereo problems. 
The author seems to me to be much more 
at home with equipment than with theory, 
though the same tortured sentences mar 
the text. Thus the value of the book lies 
chiefly in its supplying a ready source for 
checking up on current systems and equip- 
ment.—Prof. John T. Rule, Massachu- 
setts Institute of Technology, Cambridge, 
Mass. 


Commercial Motion Picture Production 
Accounting is the title of a paper by Ben 
Dyer published in the March 1954 issue of 
The New York Certified Public Accountant, 
Whileit is a little off the well-beaten tracks of 
equipment techniques, this subject is never- 
theless one which will undoubtedly interest 
many technical people around the studios 
and production companies, and published 
material on it is relatively rare. This 
paper distinguishes commercial from the- 
atrical production and outlines approaches 
common to all commercial producers; 
contracting procedures; script analysis; 
cost estirnating; contracts, schedules and 
controls. The author tries: “. . . to cover 
those phases not found in other business 
and to show that, although both theatrical 
and commercial producers use the same 
techniques, the same equipment, the same 
unions, the same materials, etc., theatrical 
production is speculative but commercial 
production is a highly competitive con- 
tracting business. And that, while theat- 
rical production costs bear little relation 
to its profits, commercial production costs 
directly «iTect its prices and profits.” 
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niques and surveyed Westrex sales and 
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ment displayed at the conference included 
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the Westrex Co., Caribbean, Cuba; and 
C. Adlerstrahle, manager of the Westrex 
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Acoustical Society of America, Journal 
vol, 26, Sept. 1954 

Loudspeakers and Microphones (p. 618) L. L. 
Beranek 

A Review of Twenty-Five Years of Sound Repro- 
duction (p. 637) H. F. Olson 

Sound Systems for Large Auditoriums (p. 661) 
L. L. Beranek 


American Cinematographer 
vol, 35, Sept. 1954 

MGM's New Underwater Camera Blimp (p. 440) 
A. Rowan 

He Makes News Live (p. 442) J. F. Palmer 

Sync Sound Without Interlock (p. 445) F. 
Harris 

Hank McCune TV Series Filmed in 16mm Color 
(p. 446) F. Foster 

High-speed Filming of Instrument Action (p. 
448) A. D. Roe 

Radio Controlled Cinematography 
J. W. Bakke 

High-speed Film Processor (p. 451) 

Is Your 16-millimeter Camera Showing Its Age 
(p. 452) H. Stockert 


(p. 450) 
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Current Developments in Film Presentation (p. 


41) A. Bowen, J. Moir and F. A. Tuck 
Improvement in the Sharpness of Colour Images 
(p. 56) L. A. Meeussen 


Electronics vol, 27, Sept. 1954 
Color Video Tester Checks Distortion (p. 128) 
HP. Kelly 
vol, 27, Nov. 1954 
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120) J. W. Wentworth 
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Stand der Bild- und Tontechnik im Theater und 
Filmstudiv (p. 216) 


Functional Photography 
vol. 6, No. 1, Oct. 1954 
Three-Colour Television Tubes in the Making 
(p. 12) M. Lorant 


The Ideal Kinema vol. 20, Sept. 9, 1954 


Improved Optics and More Light the Keys to 
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Institute of Radio Engineers, Proceedings 
vol. 42, Oct, 1954 
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(p. 1478) J. M. Lafferty 
Characteristics of a Transmission Control View- 
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1496) M. Knoll, H. O. Hook and R. P. Stone 


International Projectionist vol. 29, Aug. 1954 

An Evaluation of Optical Sound (p. 7) R. A. 
Mitchell 

Phe Optics of CinemaScope (p. 10) R. Altman 
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Colloidal and Surface Phenomena in the Prepa- 

ration of Cathode-ray Screens (p. 812) J. F 
Hazel and G. L. Schnable 


Motion Picture Herald 
Vol, 197, No. 5, Oct. 30, 1954 
Projection of a VistaVision Print with 1.418 
Frame (p. 32) (illustrated on p. 14 of regular 
section) 
Data for Sizing Picture with Any Projection 
System (p. 22) G. Gagliard 


Philips Technical Review vol. 16, July 1954 

An Experimental Photoconductive Camera Tube 
for Television (p. 23) L. Heine, P. Schagen and 
H. Bruimng 

Secondary Emission from the Screen of a Picture- 
Tube (p. 26) J. de Gier, A.C. Kleisma and J. Peper 


Radio & Television News vol. 52, Sept. 1954 


Fundamentals of Color TV. Color Synchroniza- 
tion (p. 42) M. S. Kiver 
vol, 52, Oct, 1954 
Fundamentals of Color TV ; Deflection and High 
Voltage (p. 64) M. S. Kiver 
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RCA Review 
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The CT-100 Commercial Color 
ceiver (p. 445) L. R. Kirkwood and A 
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Receivers (p. 70) R. GC. Horner 
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time-consuming, intermediate photo- 
graphic-track processing. 
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the case of technical papers, the Society is not 
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publication of these items does not constitute 
endorsement of the products or services. 


The Hi-Speed Model S-5 Silver Tower is a 
new silver recovery equipment announced 
by Hi-Speed Equipment, Inc., affiliated 
with Artisan Metal Products, Inc., 73 


Pond St., Boston (Waltham 54), Mass. The 
od) oO ui cts tower as normally installed requires 4 sq ft 


of floor space for the sump tank and head 
Cand developments) room of 84 ft; the tower itself is approxi- 
mately 15 in. in diameter X 40 in. high. 
The circulation pump may be placed in 
Further information about these items can be almost any position relative to the tower 
obtained direct from the addresses given. Asin and tank. A complete system, including 


~cAMART PRODUCTS 


CAMART TV MIKE BOOM 
Rear hendle for directional mike 


control, Sturdy extension arm, 
Entire unit folds to fit in your car. 


& OPTICAL FX UNIT and PRISMS 


For 15mm, and TV cam- 
eras. Will reproduce multiple 
images in rotation. Excellent 
for TV, animation, of film 
commercials. 


tower, tank, circulation pump, circulation 
piping, electrifier and flow meter, is priced 
at $3850.00. 


CAMART TRIPOD 


Lightweight friction heed 
tripod for semi-professional 
16-35mm cameras. Smooth, 
well-balanced pan and tilt 
action, Rigid leg locks. 


CAMART 
BABY DOLLY 


 CAMART 
CAMERA DOLLY 


The new Kodagraph Microprint Reader, 
Model A, is illustrated and described in a 
folder put out by the Industrial Sales Div., 
Eastman Kodak Co., Rochester 4, N.Y. 
The folder notes that as many as 60 stand- 
ard book pages may be reproduced photo- 
graphically in miniature on one side of a 
standard 3 X 5-in. library catalog size 
| microprint card, or larger. It points out the 
| salient features of the reader “which Kodak 
| is now manufacturing in quantities to make 
the microprint idea a practical reality.” 
Emphasis is put upon minimizing any sacri- 
fice of comfort in reading from the trans- 


AND ond | lucent screen of the reader instead of from 


television Alm producers are learning that F 
they can turn out professional films using | the printed page of a book. 
CAMART camera dollies with less time | 

and effort for the camera crew in the 
studio or on location. 


Send for 


descriptive literature. The Pro-Tex Reel Clip is a simple and 


convenient device put out by the Pro-Tex 
Reel Band Co., 2108 Payne Ave., Cleveland 
14, Ohio. It is usable on cither tape reels 
or 16mm film reels and simply snaps on to 


THE CAMERA MART, INC, 
1845 Broadway at 60th St. Phone: Circle 6-0930 | hold the tape or film securely in place on 


the reel, A transparent index card holder 


New York 23, N. Y. Cable: CAMERAMART comes attached to the clip. 
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PHOTOVOLT 


Sound-Track Densitometer 


for measurement of density on sound track of 35mm and 16mm 
motion picture film and for evaluation of sensitometric step-tablets 


Suitable also for general black-and-white and color densitometry 
Write for Bulletin No. 245 Price, complete $445 


The instrument is also available with Multiplier Photometer 
Mod. 520-A (additional price $230) for color densi- 
tometry with sharp-cutting narrow-band interference filters 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


Professional 
Junior Tripod 


—wvsed by more professional cameramen 
than any other tripod in the world. 


Shown with friction type head which handles all 
l6mm cameras, with or without motor 
Also 345mm B & H Fyemo, DeVry. Interchangeable 
with gear drive head. “Baby” tripod base 
and “Hi-Hat” also available. 
If you're a professional—you need 
“Professional Junior Tripod. See it today. 


ALES « SERVICE « RENTALS 


*9.5mm Lenses in 16mm C mount. 18.5mm (extreme wide angle-flat field) 

Lenses available in mounts for all 35 mm Motion Picture Cameras. 
*PHOTO RESEARCH Color Temperature Meters. “Electric Footage Timers 
*Neumade and Hollywood Film Company cutting room equipment. 
*Griswold & B.&H. Hot Splicers. *DOLLIES—Bardwell-McAlister, Mole 
Richardson, Century and Colortran Lighting Equipment. 


Complete line of 16mm and 35mm Cameras 


Try Jef Il- t. 
SPLICES NOT HOLDING? Free comple. 


FRANK C. ZUCKER 


CQuipment 


1600 BROADWAY \ new 


employment 
service 


These notices are published for the service of the 
membership and the field. They are inserted 
three months, at no charge to the member. The 
Society's address cannot be used for replies. 


Motion Picture Production. Desire position as 
cameraman. Seven years experience includes, as 
well as camera, some lab and editorial work 
Full details given on request. Available after 15 
April. Age 24 and single. Will locate anywhere 
Write: Norman F.C. Naill, College Ave., New 
Windsor, Md. 


Motion Picture Production. All-round small- 
studio man, experienced in l6mm and 35ram 
projection, at present studying all phases of 
cinematography at U.S.C. Los Angeles area only 
Joseph Schneider, 1255 N. Sveamore Ave., 
Hollywood 38. Tel: Hollywood 7-2859 


16mm Motion-Picture Production. Would like 
position with aggressive, responsible firm with 
opportunities for advancement. Have been 
operating own film company majoring in TV 
film commercials but am now liquidating as 
present market holds littl future. Has been 
mainly one-man operation: selling, writing, pro- 
ducing, billing and collecting. Have had suc- 
cessful business but area offers no future for ad- 
vancement. Will send audition film. Will 
make permanent move only. Age 28. Write 
M. R. Young, T-V Commercial Films, 1215 No 
Copia St., El Paso, Texas 


Positions Available 


Timers, color and/or black-and-white film re- 
quired by motion-picture laboratory. Super- 
visory experience or ability desired. Send 
resume and small photograph to Du Art Film 
Labs, Inc., 245 West 55 St., New York 19 


Photographic Equipment Technologist, $5940 
per year. Applicants must have bachelor’s 
degree in technology, engineering or one of the 
physical sciences, plus 3 yr professional experi- 
ence of a scientific or technical nature, including 
2 yr of difficult and important work in the tech- 
nology of photography; or 4 yr experience, dem- 
onstrating a mastery of the fundamental physi- 
cal and mathematical sciences underlying 
professional technological work and a theoretical 
and practical understanding of the application 
of those sciences to photography which is com- 
parable to that acquired by completion of a 
standard technological or scientific curriculum 
in an accredited college, may be substituted for 
the required bachelor’s degree. Write: David 
A. Lana, Head, Industrial Relations Dept., Office 
of Naval Research, Special Devices Center, Port 
Washington, N.Y 


B.S. or M.S. Chemical Engineer wanted for 
training in photographic processing technology, 
leading to staff position under Process Super- 
visor. Ultimate duties will include setting up and 
maintenance of processing tolerances, trouble 
shooting on technical problems, supervision of 
new processes during initial production phases 
Shift work, B.S. or M.S. Physicist with interest 
in optics and photography wanted for Technical 
Dept. Work will involve investigation of photo- 
graphic printing problems with particular em- 
phasis on optics and sensitometry. Salaries for 
both positions open. Send brief resume including 
approximate salary requirements to E. E.. Griffith, 
Technicolor Motion Picture Corp. 6311 
Romaine St., Hollywood, Calif. 
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1955... Bell ¢ Howell’s Year of Printer Progress 


These accessories —for J and D printers, old and new —will be available to you soon to 
improve quality, reduce costs, speed print releases. Automatic fade attachment —Double- 
head sound and picture printing —Automatic traveling matte for color printing —New 
sensitized-patch cueing system —Fast printer speeds —New edge number printing attach- 
ment — New 3-lamp additive light source. All of these will be genuine Bell & Howell ac- 
cessories . . . from the leader in the industry who brought you the finest printer in the 
first place. For details write Professional Equipment Department, 7185 McCormick Road, 
Chicago 45, Illinois. More than anyone, professionals know... 


HONORARY ACADEMY AWARD (064 
TO GELL @ HOWELL FOR 47 YEARS 
OF PIONEERING CONTRIBUTIONS TO 
THE MOTION PICTURE INDUSTRY, 


experience leads to Bell & Howell 


Contents — pages 39-56 
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color harmony 


every time 
with 


color-correct* 
prints.... 


You'll also Quality conscious? Byron color-correct® prints are 

have production harmony 
every time you schedule 
these Byron 16mm facilities: 


what you want. Get duplicate prints processed 


; with exacting fidelity — color prints in balance that 
seript 

art retain all their natural beauty with full depth and 

titling 

animation clarity. Color-correct® is a Byron exclusive, the result 

editing 

sound effects 
recording 

location photography 
music library 

sound stage 


of many years of engineering research and development 
by a pioneer laboratory — staffed by master craftsmen 


~~ working with the finest equipment at top level 


complete black-and-white efficiency. Choose the leader in the 16mm color field. 
laboratory facilities 
precision magnetic striping Time important? Try our 8-hour service. 


by r on Studios and Laboratory 


1226 Wisconsin Avenue, N.W., Washington 7, D.C. DU pont 7-1800 
*Reg. U.S. Patent Office 


THE NATION'S DISCRIMINATING 16MM FILM PRODUCERS ARE CLIENTS OF BYRON 
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News Columns 

77th Convention Program... 
Biographical Note: Alexander Ernemann . . . 


The Theory of the Photographic Process—Re- 
vised Ed., by C. E. Kenneth Mees and Collab- 
orators, reviewed by Thomas T. Hill; Staging 
TV Programs and Commercials, by Robert J. 
Wade, reviewed by George L. George; The 
Television Commercial, by Harry Wayne Mc- 
Mahan, reviewed by George L. George; In- 
troduction to 3-D, by H. Dewhurst, reviewed 
by John T. Rule; Commercial Motion Picture 
Production Accounting, by Ben Dyer. 


Journals Available and Wanted 


39 
39 
40 
40 
40 


48 
48 
52 
54 


CAVETICHICE WW 


Advertisers 

Camera Equipment Co. . ..... ++ 54 
Cinema Engineering Co... . 44 
General Film Laboratories, Inc. . . . .... 453 
LaVezzi Machine Works. . . .....+ 46 
Peerless Film Processing Corp... . . ..... 47 
Precision Film Laboratories, Inc. . . . .... 5O 


These notices are published as a service to expedite disposal and acquisition of out-of-print Journals. Please write direct to the persons and 


addresses listed. 


Available 


Meetings 


Dec., 1936; Jan., Feb., Apr., May, July, Sept., Nov. 1937; 1938 
complete; 1939 complete; 1940 complete; Jan.-Aug. 1941. 
Write Richard S. Norton, Warner News Inc., 625 Madison Ave., 
New York, 22. 


Collection of back issues available either singly or as a lot. Write 
F. H. Cole, 1258 So. Burnside Ave., Los Angeles 19. 


Wanted 


Complete set of Transactions. Write John Flory, Eastman Kodak 
Co., 343 State St., Rochester 4, N. Y. 


High-Speed Photography, Volumes 1, 2 and 3. Write Jack 
Gershon, Armour Research Foundation, Technology Cente:, Chi- 
cago 16. 


Transactions Nos. 6 and 9. Write W. W. Hennessy, 503 West 41 
St., New York. 


Signal Corps Pictorial Center could use a complete set of Journals, 
preferably as a donation. Write John P. Byrne, Motion Picture 
Sensitometrics, Signal Corps Pictorial Center, 45-15 48 St., Long 
Island City 4,N. Y 


Transactions Nos. |, 5, 6, 7 and 9. Write Lloyd E. Varden, 
Pavelle Color inc., 533 West 57 St., New York 19. 


SMPTE Central Section, Jan. 17, Feb. 21, Mar. 21, May 16, June 
13 

Institute of the Aeronautical Sciences, Jan. 24-28, Hotel Astor 
New York 

American Physical Society, Jan. 27-29, Hotels McAlpin and New 
Yorker New York 

American Institute of Electrical Engineers, Winter General Meet- 
ing, Jan. 31-Feb. 4, Hotel Statler, New York 

Institute of Radio Engineers, National Convention, Mar. 21-24, 
Kingsbridge Armory, Bronx, N.Y 

Optical Society of America, Apr. 7-9, Hotel Statler, New York 

77th Semiannual Convention of the SMPTE, Apr, 18-22, Drake 
Hotel, Chicago 

National Academy of Sciences, Apr. 25-27, Washington, D.¢ 

American Physical Society, Apr. 28-30, Washington, D.¢ 

International Commission on Hlumination, June 13-22, Zurich, 
Switzerland 

International Aeronautical Conference, joint mtg. of the British 
Acronautical Society and the Institute of the Aeronautical Sci- 
ences, June 21~—24, Los Angeles. 


American Institute of Electrical Engineers, Summer General 


Meeting, June 27-July 1, New Ocean House, Swampscott, Mass 

Biological Photographic Association, Annual Meeting, Aug. WO 
Sept. 2, Wisconsin Hotel, Milwaukee 

kth Semiannual Convention of the Or Laake 
Placid Club, Pasex County, N.Y 

American Institute of Electrical Engineers, Fall General Meeting, 
Oct. 4-7, Morrison Hotel, Chicago 

Photographic Society of America, Annual Convention, Oct. 5-8, 
Sheraton-Plaza Hotel, Boston, Maas 

American Standards Association, 37th Annual Meeting and Sixth 
Annual Conference on Standards, Oct 4-26, Washington, 

th Semianoual Convention of the SMPTE, Apr. 29-May 4 
1956, Hotel Statler, New York 

40th Semiannual Convention of the SMPTE, Oct. 7-12, 1956, 
Ambassador Hotel, Los Angeles 

#ist Semiannual Convention of the SMPTE, Apr. 28 May 4, 
1957, Shoreham Hotel, Washington, 

82d Semiannual Convention of the SMPTE, Oct. 6-11, 1957, 
Hotel Statler, New York 


SMPTE Officers and Committees: The rosters of the Officers of the Society, its Sections, Subsections and 
Chapters, and of the Committee Chairmen and Members were published in the April Journal. 
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sustaining 
members 


Alexander Film Co. 

Altec Companies 

Ansco 

C. S. Ashcraft Mfg. Co. 

Audio Productions, Inc. 

The Ballantyne Company 

Bausch & Lomb Optical Co. 

Bell & Howell Company 

Bijou Amusement Company 

Buensod-Stacey, Inc. 

Burnett-Timken Research Laboratory 

Byron, Inc. 

CBS Television 

The Calvin Company 

Century Projector Corporation 

Cineffects, Inc. 

Cinema-Tirage L. Maurice 

Geo. W. Colburn Laboratory, Inc. 

Color Corporation of America 

Consolidated Film Industries 

DeLuxe Laboratories, Inc. 

Du Art Laboratories, Inc. 

E. |. du Pont de Nemours & Co., Inc. 

Eastman Kodak Company 

Elgeet Optical Company, Inc. 

Max Factor & Co. 

Federal Manufacturing and Engineering Corp. 

Fordel Films, Inc. 

General Electric Company 

General Precision Equipment Corp. 
Ampro Corporation 
Askania Regulator Company 
General Precision Laboratory Incorporated 
The Hertner Electric Company 
International Projector Corporation 
J. E. McAuley Mfg. Co. 
National Theatre Supply 
The Strong Electric Company 


W. J. German, Inc. 

Guffanti Film Laboratories, Inc. 

The Houston Fearless Corporation 
Hunt's Theatres 

Hurley Screen Company, Inc. 

The Jam Handy Organization, Inc. 
Kolimorgen Optical Corporation 
Lorraine Carbons 

Major Film Laboratories Corporation 


of the Society 
of Motion Picture 


and Television Engineers 


J. A. Maurer, Inc. 

Mecca Film Laboratories, Inc. 

Mitchell Camera Corporation 

Mole-Richardson Co. 

Motiograph, Inc. 

Motion Picture Association of America, Inc. 
Allied Artists Productions, Inc. 
Columbia Pictures Corporation 
Loew's Inc. 

Paramount Pictures Corporation 
Republic Pictures Corp. 

RKO Radio Pictures, Inc. 
Twentieth Century-Fox Film Corp. 
Universal Pictures Company, Inc. 
Warner Bros. Pictures, Inc. 


Motion Picture Printing Equipment Co. 
Movielab Film Laboratories, Inc. 
National Carbon Company 
A Division of Union Carbide and Carbon 
Corporation 


National Cine Equipment, Inc. 

National Screen Service Corporation 

National Theaters Amusement Co., Inc. 

Neighborhood Theatre, Inc. 

Neumade Products Corp. 

Northwest Sound Service, Inc. 

Pathe Laboratories, Inc. 

Polaroid Corporation 

Producers Service Co. 

Projection Optics Co., Inc. 

Radiant Manufacturing Corporation 

Radio Corporation of America, Engineering 
Products Division 

Reid H. Ray Film Industries, Inc. 

Raytone Screen Corp. 

Reeves Sound Studios, Inc. 

$.0.S. Cinema Supply Corp. 

SRT Television Studios 

Shelly Films Limited (Canada) 

The Stancil-Hoffman Corporation 

Technicolor Motion Picture Corporation 

Terrytoons, Inc. 

Titra Film Laboratories, Inc. 

United Amusement Corporation, Limited 

Wenzel Projector Company 

Westinghouse Electric Corporation 

Westrex Corporation 

Wilding Picture Productions, Inc. 

Wollensak Optical Company 
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